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	Summary:

	We provide additional results on the impact of WSD in the 470-790 MHz band signal on the cellular network in adjacent band by using the Seamcat tool. Objective of this study is to give results on the possible degradation of the QoS of the cellular network. For this purpose, it was proposed at the last SE43 to start with the first scenario described in the section 8.1 of the ECC Report 159. The victim frequency of the LTE UE is 796 MHz for a 10 MHz bandwidth and the WSD interfering frequency is 787.5 MHz for a 5 MHz bandwidth. We consider a single WSD BS interferer. The distance between the interfering WSD BS and the edge of the coverage of the victim network is set to 20 m as this distance was taken in the report 159 for the first scenario called macro scenario and described in the section 8.1. The methodology of the simulation is the following one : the in-block power of the WSD BS is decreased step by step until the interference probability is lower than 1 % for different Pbaseline values (-30, -40 and -50 dBm/10 MHz). Since WSD should be non interfering devices, the I/N should be lower than the -6.94 dB used in the report 159 (section 8.1). Therefore, in the Seamcat simulations, the I/N threshold is set to -20 dB. This I/N threshold should ensure a good protection of the LTE UE and is currently advised at the ITU level as a characteristic of terrestrial IMT-2000 systems for frequency sharing/interference analyses
. According to Report ITU-R M.2039-2, this -20 dB I/N value should actually be used to protect the IMT receiver from an unlicensed interferer. Therefore this I/N value should be very suitable to study the interferences from WSD BS toward LTE UE.
For the different Pbaseline levels (-50, -40 and -30 dBm/10 MHz), it’s not possible to derive in-block powers in order to reach a good quality of service of the LTE network. Indeed, the Pbaseline levels alone (it’s to say without considering in-block powers) are high enough to decrease the quality of service of the network so that the interference probability would be higher than 1 % whatever the in-block power.
From these first results, it seems difficult to define a WSD to transmit in the 60th channel without interfering LTE UE in the 800 MHz band as even with a WSD BS at the border of the LTE cell, the in-block power of this WSD BS couldn’t even be defined for the different Pbaseline levels considered. 


	Proposal:

	The aim of this contribution is to provide a study of the quality of service (QoS) of a LTE (Long Term Evolution) network while interfered by a WSD in the 470-790 MHz band  network. The considered interferer is a WS wide area macro BS and the considered victim is a cellular/mobile User Equipment (UE). 


	Background:

	In the ECC report 159, some preliminary results were presented on the impact from WSD into the mobile service operating above 790 MHz (section 8.1 of the ECC Report 159). Section 11 of the ECC Report 159 identifies that there is a need for further studies on the impact from WSD on services in the bands adjacent to the 470-790 MHz band, e.g. on mobile service below 470 MHz and above 790 MHz.
Based on different scenarios, the acceptable emission characteristics for the WSD BS were evaluated. These calculations took into account the receiver characteristics (ACS : Adjacent Channel Selectivity) and the different frequency offset of the WSD in the 470-790 MHz band signal compared to the victim cellular/mobile network. For each scenario, the horizontal distance between the interfering transmitter and the victim receiver was defined. All the different type of receiver/transmitter characteristics were also defined (antenna heights, antenna patterns…). The acceptable emission e.i.r.p. and ACLR (Adjacent Channel Leakage power Ratio) for each scenario were then derived by calculating the different acceptable interference powers at the receivers.




1- Introduction
Seamcat can provide some information about the possible QoS degradation of a cellular/mobile network (e.g. based on LTE technology) while interfered by a WSD network in adjacent band. In particular, Seamcat could be the adequate tool to perform study and  give results on the possible degradation of the QoS of the cellular network. For this purpose, it is proposed to start with the first scenario of the ECC 159 report. 

2- Proposed scenario to be studied

We propose, using the Monte-Carlo simulator Seamcat to evaluate the impact on the QoS of a cellular/mobile network (e.g. based on LTE technology) while interfered by a WSD network in adjacent band. Then, we propose to compare the results and the methodology with those of the ECC report 159. Indeed in the ECC report, the calculations are done for a given position of the UE compared to the WSD while Seamcat can draw randomly (Monte-Carlo method) the mobiles at different positions and from these different positions, it can calculate an average state of the network more precise than when the mobile is taken at a fixed location.
 3- Methodology
In the report 159 (section 8.1), an assumption was made on the base line level and from this assumption and for a particular scenario, the maximum WSD transmission power acceptable by the LTE UE was deduced. 

With Seamcat, the LTE UEs are drawn thanks to a Monte-Carlo simulator all around a BS transmitter. The tool can simulate the interferences from a WSD BS toward the LTE UEs. The purpose of the simulations is to find the maximum WSD BS in-block power acceptable by the LTE UE for a given separation distance between the WSD BS interferer and the edge of the victim network coverage. Actually, in the report 159, the first considered scenario to find these powers was a macro scenario where the LTE UE is located at a 20 m distance from the WSD BS. In the Seamcat simulations, the WSD BS is located at a 20 m distance from the edge of the coverage area of the LTE BS, so that the closest UE from the WSD BS would be located at a 20 m distance from this BS.
4- Interference criterion
The interference probabilities are determined depending on the WSD in-block powers. The WDS in-block power is determined when the interference criteria I/N is met. Since WSD should be non interfering devices, the I/N should be lower than the -6.94 dB used in the report 159 (section 8.1). Therefore in the Seamcat simulations, the I/N threshold is set to -20 dB. This I/N threshold should ensure a good protection of the LTE UE and is currently used at the ITU level as a characteristic of terrestrial IMT-2000 systems for frequency sharing/interference analyses1. According to Report ITU-R M.2039-2, this -20 dB I/N value should actually be used to protect the IMT receiver from an unlicensed interferer. Therefore this I/N value should be very suitable to study the interferences from WSD BS toward LTE UE.
The interference probability, which will be calculated considering blocking and unwanted interfering signals, should be lower than 1 % to consider a non-interfered LTE network.
5- Seamcat scenario description
5.1- Victim link description
For this first scenario, we consider as components of the victim DL link a single Base Station with a 2 km coverage radius surrounded by several randomly distributed 10 MHZ LTE terminal receivers. Some characteristics of the receivers are derived from the 3GPP technical specifications:

The first Adjacent Channel Selectivity according to 3GPP specifications is equal to 33 dB.

	
	
	Channel bandwidth

	Rx Parameter
	Units
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	ACS
	dB
	33.0
	33.0
	33.0
	33.0
	30
	27


Adjacent channel selectivity

To calculate in-band and out-of band blocking, a calculation of the tolerable interference has to be done:

 EQ 
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Where 
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 is the Noise floor and D the acceptable degradation in receiver sensitivity or desensitization.

Then we can obtain the values of In-band and Out-of-band blocking:
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The values of 
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for in-band and out-of-band blocking are given in the 3GPP TS 36.101 for a LTE UE receiver. The requirements in TS 36.101 are defined for an interfering 5 MHz LTE system. Considering a 5MHz interfering WSD, these requirements can match to the simulations.
With a 6 dB sensitivity degradation of the victim receivers and a 9 dB noise figure, the allowed interference power is 
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= -90.69 dBm . It should be noted that a 6 dB of sensitivity degradation is only used as a test parameter to define the blocking requirements, but can not represent an acceptable operational value to tolerate potentially interfering emissions, especially those coming from WSD. A lower value will be used to define the target I/N which will be used to calculate the probabilities of interference.
We can then compute the receiver blocking response of the victim which is represented in the graphical representation below:
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Receiver blocking response

The other parameters of the LTE UE victims are summarized in the table below:

	Parameter
	Value

	Frequency (MHz)
	796

	Noise figure (dB)
	9

	Noise floor (dB)
	-95.43

	Sensitivity (dB)
	-94

	Reception bandwidth (kHz)
	10000

	Antenna height (m)
	1.5

	Antenna Gain (dBi)
	0


Victim receivers parameters

The wanted transmitter is a LTE BS with the following parameters:

	Parameter
	Value

	Power (dBm)
	46                             

	Antenna Gain (dBi)
	17

	Feeder Loss (dB)
	3

	Antenna height (m)
	30


Wanted transmitter parameters

The propagation model used for the Wanted transmitter to Victim Receiver path is the Extended Hata model (in the example below for a rural area) as illustrated in the figure below:
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Example of  WT -> VR propagation model

5.2- Interfering link description
   We consider as components of the interfering link a WSD deployed as a wide area macro base station with a bandwidth of 5 MHz. A 3 degrees mechanical antenna downtilt is assumed.

   Since there is no considerable knowledge of the WSD characteristics, an assumption has been made on the baseline level which is considered to be -50dBm/10MHz. This value is taken from the report 159 (see annex 12 page 156).

The simulation will start by calculating the interferences with a WSD maximum output power of 46 dBm. To obtain the maximum permitted output power of the WSD, several trials will then be done decreasing the maximum output power until the probability of interference reaches a value under 1%.

Assuming a maximum output power of 46 dBm, the in-band emission mask can be  given by:

- From 2.25MHz to 2.5MHz (0.5% of the emission bandwidth), 0.5% of the maximum WSD e.i.r.p gives: 
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- The out-of-band emission mask is given by the baseline level: -50-46=-96 dBi in 10 MHz.

The emission mask of the WSD is then given below:
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Example of WSD emission mask for a 46 dBm transmitting power

The other parameters of the interfering transmitter are listed below:

	Parameter
	Value

	Frequency (MHz)
	787.5

	Antenna height (m)
	30

	Antenna maximum Gain (dBi)
	17


Interfering transmitter parameters

The wanted receivers have the following parameters:

	Parameter
	Value

	Antenna height (m)
	1.5

	Antenna gain (dBi)
	0

	Sensitivity (dBm)
	-94


Wanted receivers parameters

The propagation models used between the interfering transmitter and the wanted receivers is the same as the one used between the wanted transmitter and the victim receivers.

The BS WSD antenna vertical and horizontal patterns are derived from ITU-R F.1336-2 Recommendations for a 120 degrees sector antenna with a maximum gain of 17 dBi.
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Horizontal WSD antenna pattern
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Vertical WSD antenna pattern

5- Simulation results

5.1- Simulation description

Considering a cell radius of 2 km for the two networks, the next figure describes the considered scenario. The distance between the two BS is 2.02 km, which leads to a distances of 20 m between the interfering transmitter and the edge of the coverage area of the wanted transmitter.
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First scenario description

5.1- Results for a Pbaseline=-50 dBm and for a 2 km cell radius

Assumptions for this first scenario :

· I/N=-20 dB
· Propagation model : Extended-Hata (rural)
· Pbaseline level : -50 dBm
· Cell radius : 2 km
	WSD max power (dBm)
	Interference probability

	46
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First scenario simulation results (Hata model/rural & I/N=-20 dB)
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First scenario simulation results (Hata model/rural & I/N=-20dB)

In this case, the lower interference probability found is 1.4 % which is above the 1% threshold. Therefore, this is not possible to find a WSD in-block power to fulfill the interference probability criterion.
5.2- Results for a Pbaseline=-50 dBm and for a 500 m cell radius

The second scenario involves the same simulation components and parameters with a lower coverage radius (500 m):
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Second scenario description
Assumptions for this second scenario :

· I/N=-20 dB
· Propagation model : Extended-Hata (suburban)
· Pbaseline level : -50 dBm
· Cell radius : 500 m
	WSD max power (dBm)
	Interference probability

	46
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Second scenario simulation results (suburban Hata model & I/N=-20 dB)
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Second scenario simulation results (suburban Hata model & I/N=-20 dB)

In this case, the lower interference probability is 1.5 % and as for the previous case, this is not possible to find a WSD in-block power able to fulfill the interference probability criterion.
5.3- Results for a Pbaseline=-40 dBm and for a 500 m cell radius

Assumptions for this scenario :

· I/N=-20 dB
· Propagation model : Extended-Hata (suburban)
· Pbaseline level : -40 dBm
· Cell radius : 500 m
	WSD max power (dBm)
	Interference probability

	46
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Second scenario simulation results (
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Second scenario simulation results (
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Again, in this case, we can never reach an interference probability lower than 1 %. This means that we are not able to find a WSD power so that the quality of service of the LTE network would be acceptable. The explanation of this result is, as for the previous cases, that the Pbaseline is high enough to degrade the quality of service of the LTE network whatever the in-block transmitting power of the WSD.    
5.4- Results for a Pbaseline=-30 dBm and for a 500 m cell radius

Assumptions for this second scenario :

· I/N=-20 dB
· Propagation model : Extended-Hata (suburban)
· Pbaseline level : -30 dBm
· Cell radius : 500 m
	WSD max power (dBm)
	Interference probability

	46
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Second scenario simulation results (
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Second scenario simulation results (
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In this case, since the probability of interference becomes approximately constant (
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20.3 %) for powers under -10 dBm, no maximum power can be tolerated to avoid interferences. Therefore from this simulation, a Pbaseline of -30 dBm is too high to be able to define a WSD BS which wouldn’t interfere the LTE UEs. As for the previous case, the Pbaseline is high enough to degrade the quality of service of the LTE network whatever the in-block transmitting power of the WSD.  
5.5 Synthesis of results :

The following table summarizes the maximum allowable WSD powers depending on baseline levels. 

	
	WSD in-block powers from the ECC report 159 (dBm/5 MHz)
	WSD in-block powers deduced from Seamcat simulations (dBm/5 MHz)
	Lower Interference probability (%)

	Baseline level
	
	
	

	-50 dBm/10MHz
	-11.33
	No permitted value
	1.4 %

	-40 dBm/10MHz
	-11.55
	No permitted value
	6.5 %

	-30 dBm/10 MHz
	-14.67
	No permitted value
	20.3  %


Maximum allowable in-block WSD powers and interferer probability
For the different Pbaseline levels, it’s not even possible to derive in-block powers in order to reach an acceptable quality of service of the LTE network (interference probability lower than 1 %). Indeed, the Pbaseline levels are high enough to decrease the quality of the network so that the probability would be higher than 1 %. For example, the interference probability is higher than 1 % (1.4 %) for a -50 dBm/10MHz and increases versus the Pbaseline level until 20.3 % for a -30 dBm/10 MHz Pbaseline value (see the table above).
The conclusion is that it seems difficult to define a WSD to transmit in the 60th channel without interfering LTE UE in the 800 MHz band as even with a WSD BS at the border of the LTE cell, it’s not possible to derive the in-block power of this WSD BS for the different Pbaseline levels considered.
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