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	Summary:

	This documents analysis interference criteria for mobile systems to be used when performing simulations for the 3.8-4.2 GHz frequency band.

	Proposal:

	invites Group to
consider which interference criterion is the most relevant for the studies between WBB LMP systems and also between WBB LMP and other systems.

	Background:

	ECC  PT1 work item PT1_47 on feasibility and sharing studies on the shared use of the 3.8-4.2 GHz frequency band by terrestrial wireless broadband systems providing local-area (i.e. low/medium power) network connectivity (Task 1 of the EC Mandate).
ECC PT1 meeting #71 agreed to establish a correspondence group (CG) to enhance the works. 
ECC PT1 meeting #73 agreed to continue the CG and updated its ToR (document ECC PT1(23)067_Annex VIII-15).


Interference criteria
There are different interference criteria to be used for coexistence studies. Depending on the type of the system (interference limited or noise limited) and ability of the system to decode the desired signal (performance criteria), the maximum permitted interference power level at the receiver input may be specified according to one of the following criteria:
I/N criterion – where the maximum permitted interference is defined in relation to the thermal noise level (I is interfering signal and N is system thermal noise power);
C/(I+N) criterion – where the value of the maximum permitted interference is defined in relation to a target reduction in the receiver’s carrier-to-interference-plus-noise ratio (C is wanted signal (before demodulation), I is interfering signal, N is thermal noise). This criterion might be appropriate if the receiver operates at some margin above its minimum sensitivity and in cases where information on the link budgets is available.
(I+N)/N criterion – corresponds to the ‘noise rise’ or ‘noise augmentation’ due to the interfering signal.
C/N criterion – the ratio of the relative power level to the noise level in the bandwidth of a system. Allows to analyse if a carrier can still be recognized as such, or if it is obliterated by ambient and system noise. C/N provides a value for the quality of a communication channel.
C/I criterion – the quotient between the average received modulated carrier power C and the average received co-channel interference power I. Allows analysis and rating of channel robustness against neighbour channels.
SEAMCAT (Spectrum Engineering Advanced Monte Carlo Analysis Tool) allows statistical modelling of different radio interference scenarios for performing coexistence studies between wireless systems operating in overlapping or adjacent frequency bands.
SEAMCAT Handbook provides useful information on interference criteria implemented in SEAMCAT[footnoteRef:2] (C/I, C/(N+I), (N+I)/N, I/N), the interference criteria relationship[footnoteRef:3] (C/I desensitization[footnoteRef:4] by (N+I)/N resulting in C/(N+I)) and also an illustration to determine whether or not interference is occurring for the case of C/I as interference criterion[footnoteRef:5]. [2:  https://ecowiki.atlassian.net/wiki/spaces/SH/pages/494344/5.2.5+Interference+criteria ]  [3:  https://ecowiki.atlassian.net/wiki/spaces/SH/pages/493783/1.4.4+Interference+criteria+relationship ]  [4:  https://ecowiki.atlassian.net/wiki/spaces/SH/pages/493592/1.2.8+Desensitisation ]  [5:  https://ecowiki.atlassian.net/wiki/spaces/SH/pages/493828/1.4.2+An+illustration+with+C+I+as+interference+criterion ] 

In case SEAMCAT is used to simulate digital land mobile system using orthogonal frequency-division multiplexing (OFDM) modulation technique it is necessary to set the protection criterion correctly.
Interference criteria for land mobile system
Between mobile systems and other systems
ITU-R Report M.2292 provides the baseline characteristics of terrestrial IMT-Advanced systems (i.e. LTE) for use of sharing and compatibility studies (analyses of operation in the same or adjacent bands) between IMT-Advanced systems and other systems and services. The protection criteria I/N of −6 dB is specified. This value is based on allowing interfering signals to cause approximately a 1 dB increase in the receiver noise level (an I/N ratio of −6 dB results in a (I+N)/N of 1.26).
Between mobile systems
Two key factors in ensuring that good quality transmission can occur between a mobile and base station are that the wanted signal strength is sufficiently large, that is, above the receiver threshold sensitivity, and that the interference level is low enough to give an adequate C/I ratio.
For the cellular digital systems typical co-channel protection ratio of C/I is between 13 dB and 19 dB. C/I vary depending on modulation coding scheme (MCS) used.
An example:
Considering that C/(N+I) = C/I − (N+I)/I and (N+I)/I = (N+I)/N − I/N and assuming a C/I of 19 dB, the following examples may be considered:
I/N = 0 dB,	results in (N+I)/N = 3 dB and considering 	C/I = 19 dB, then C/(N+I) = C/I − 3 dB = 16 dB
I/N = −6 dB,	results in (N+I)/N = 1 dB and considering 	C/I = 19 dB, then C/(N+I) = C/I − 7 dB = 12 dB
I/N = −10 dB,	results in (N+I)/N = 0.4 dB and considering C/I = 19 dB, then C/(N+I) = C/I − 10 dB = 9 dB
I/N = −20 dB,	results in (N+I)/N = 0.04 and considering 	C/I = 19 dB, then C/(N+I) = C/I − 20 dB = −1 dB
Interference criteria for land mobile system used in 3.4-3.8 GHz band
A few ECC reports related to coexistence aspects between TDD mobile networks are:
ECC Report 331 (“Efficient usage of the spectrum at the border of CEPT countries between TDD MFCN in the frequency band 3400-3800 MHz”) which in section A2.1 defines the methodology for protection criterion as follow:
“For synchronised operation, the coexistence criterion was a Network DL throughput loss below 5%, which is always achieved in all simulations performed (without any additional separation distance, i.e. D=cell_range*1.5) and the distance to the borderline is assumed to be Dx=Cell range.
For unsynchronised operation, the Network UL throughput loss was simulated for various distances D between the two BS at the edge of the network, with the aim to determine the value for D corresponding to 10%, 20% and 30% Network UL throughput loss (which is then used in ANNEX 3 as a basis to derive the associated field strength levels at the border).”
ECC Report 296 (“National synchronisation regulatory framework options in 3400-3800 MHz: a toolbox for coexistence of MFCNs in synchronised, unsynchronised and semi-synchronised operation in 3400-3800 MHz”) which in section 4.2.1 propose two methodologies for protection criterion:
“There are two possible approaches to deal with coexistence between two unsynchronised TDD networks within a country:
Method #1: define the minimum required separation distance between the two unsynchronised networks;
Method #2: define the electric field strength trigger value at the nearest victim BS.
Either of these two approaches can be applied. 
With reference to the BS technology options, three possible cases can be considered:
Non-AAS Network A to non-AAS Network B, which could represent two LTE-TDD FWA networks;
AAS Network A to non-AAS Network B, which could represent one 5G-NR network and another LTE-TDD FWA network;
AAS Network A to AAS Network B, which could represent two 5G-NR networks.
The separation distance can be derived based on different protection thresholds:
5% network cluster mean UL throughput loss;
I/N=-6 dB at the nearest victim BS.”
Overview
Depending on coexistence scenarios, i.e. co-channel, adjacent channel, interference between similar systems or interference between different systems the protection criterion needs to be defined properly. European Commission is looking for the harmonised technical conditions for the potential deployment of terrestrial wireless broadband systems providing local-area network connectivity (with base stations operating at low/medium power) for vertical and possibly other terrestrial wireless use cases. Since mobile networks work in noise and interference environments it is necessary to justify the choice of protection criterion. Probably the most useful performance metric for the cellular network planning is the average signal-to-noise-ratio (SINR). There is always the relationship[footnoteRef:6] between SINR and average network load, cell edge target throughput and cell range. Therefore it seems reasonable to use corresponding metric in the simulations as well. [6:  http://www.eceltd.com/images/files/papers/lte_rf_wp_02Nov2010.pdf ] 

Proposal
In order to perform feasibility and sharing studies on the shared use of the 3.8-4.2 GHz frequency band by terrestrial wireless broadband systems providing local-area (i.e. low/medium power) network it is critical to choose appropriate protection criterion for these systems.
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