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1 Introduction
Preliminary simulation results for LTE/Narrow-Band Public Service (NBPS) coexistence were presented in [1]. Additional results for different LTE/NBPS configurations are presented herein.

2 System layout and deployment issues
The LTE modeling is based on TR 36.942 [2]. NB PS deployments typically cover much larger areas than commercial cellular systems and typically have taller antennas and higher TX power. We assume that the coverage area of a NBPS system encompasses multiple LTE BSs, with complete overlap between LTE and NBPS coverage (see Figure 4).
NBPS coverage is very dependant on the deployment environment and the layout of systems can vary widely between urban, suburban and rural locations. Mobile devices are either vehicle-mounted or portable devices carried by safety personnel (e.g., belt-mounted). Vehicle-mounted mobiles typically have higher RF performance than portables. Due to these and several other factors, it is difficult to describe a representative NBPS system. Simulation results are presented for comparison purposes and should not be considered as representative of all actual systems. 

3 LTE BS OOBE Assumptions
As per TR 37.806 V0.6.0 (2011‑01), assuming FCC §90.691 and Industry Canada RSS‑119, the LTE BS OOBE is -13 dBm/100 kHz or -25 dBm/6.25 kHz. This level is simulated.

In addition, FCC CFR Title 47 Part 27.53 level of ‑34 dBm/100 kHz (‑46 dBm/6.25 kHz) that applies to USA 700 MHz emission limits in NB PS bands is also simulated.

FCC has also defined more stringent emission requirements in FCC §90.672 to protect non-cellular 800 MHz licensees from licensees from 800 MHz cellular systems or part 22 Cellular Radiotelephone systems as follows [5]:

(a) Definition. Except as provided in 47 CFR 90.617(k), unacceptable interference to non-cellular licensees in the 800 MHz band from 800 MHz cellular systems or part 22 of this chapter, Cellular Radiotelephone systems and within the 900 MHz Business/Industrial Land Transportation (B/ILT) Pool will be deemed to occur when the below conditions are met:

(1) A transceiver at a site at which interference is encountered:

(i) Is in good repair and operating condition, and is receiving:

A)
A median desired signal strength of −104 dBm or higher if operating in the 800 MHz band, or a median desired signal strength of –88 dBm if operating in the 900 MHz B/ILT Pool, as measured at the R.F. input of the receiver of a mobile unit; or

B)
A median desired signal strength of −101 dBm or higher if operating in the 800 MHz band, or a median desired signal strength of –85 dBm if operating in the 900 MHz B/ILT Pool, as measured at the R.F. input of the receiver of a portable i.e. , hand-held unit; and either 
 (ii) Is a voice transceiver:

(A) With manufacturer published performance specifications for the receiver section of the transceiver equal to, or exceeding, the minimum standards set out in paragraph (b) of this section, and;

(B) Receiving an undesired signal or signals which cause the measured Carrier to Noise plus Interference (C/(I+N)) ratio of the receiver section of said transceiver to be less than 20 dB if operating in the 800 MHz band, or less than 17 dB if operating in the 900 MHz B/ILT Pool, or;

Based on the above,

· PS UE Rx bandwidth = 6.25 kHz

· PS UE Noise figure = 9 dB

· PS UE noise floor N = ‑174 dBm + 10 log(6.25EE3) + 9 dB = ‑127 dBm/6.25 kHz

· Desired signal strength at portable unit: ‑101 dBm/6.25 kHz 

· Median SNR: ‑101 dBm - (‑127 dBm) = 26 dB

With interference, SINR should be no less than 20 dB (i.e., worst case degradation = 6 dB). Maximum level of interference at RF input = 3 x noise floor = ‑127 dBm/6.25 kHz + 4.8 = ‑122.2 dBm/6.25 kHz.

Assuming a port to port minimum coupling loss of 70 dB between the LTE BS and the NB PS portable, the LTE BS OOBE ‑122.2 + 70 =  ‑52.2 dBm/6.25 kHz.

If a PS mobile unit is assumed, the desired signal strength at mobile unit: ‑104 dBm/6.25 kHz, which gives an LTE BS OOBE of ‑127dBm/6.25 kHz + 70 = ‑57 dBm/6.25 kHz assuming a port to port MCL of 70dB. Both ‑52.2 dBm/6.25 kHz and -57 dBm/6.25 kHz are simulated.

4 Simulation results

In the following sections, results for each scenario will be presented.

4.1 Downlink 5MHz LTE BS (interferer)  -> NB PS (victim) Portable
In this section, we discuss the interference from LTE BSs to NB PS portables using Monte Carlo simulations.

4.1.1 Simulation Results- 12 km NB PS system radius, 1 km LTE sector radius
(Hata-Suburban model)
	
	NB PS Average Outage (%)

	No LTE interference
	1.97

	OOBE -57 dBm/6.25 kHz

(USA 800 MHz OOBE based on FCC §90.672 for PS mobile unit)
	2.01

	OOBE -52 dBm/6.25 kHz

(USA 800 MHz OOBE based on FCC §90.672 for PS portable)
	2.10

	OOBE -46 dBm/6.25 kHz

(USA 700 MHz OOBE based on FCC CFR Title 47 Part 27.53)
	2.34

	OOBE -25 dBm/6.25 kHz

(USA 800 MHz OOBE based on FCC §90.691 and Industry Canada RSS-119)
	8.89
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Figure 1 Outage of downlink NB PS system without LTE system interference
(NBPS radius = 12km)
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Figure 2
  Outage of downlink NB PS system with LTE system interference
(OOBE  57 dBm/6.25 kHz, NBPS radius = 12km,  LTE radius = 1km)
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Figure 3  Outage of downlink NB PS system with LTE system interference
(OOBE  25 dBm/6.25 kHz, NBPS radius = 12km,  LTE radius = 1km)
4.1.2 Simulation Results- 6 km NB PS system radius, 500 m LTE sector radius
(Hata-Urban)
	
	NB PS Average Outage (%)

	No LTE interference
	2.02

	OOBE -57 dBm/6.25 kHz

(USA 800 MHz OOBE based on FCC §90.672 for PS mobile unit)
	2.07

	OOBE -52 dBm/6.25 kHz

(USA 800 MHz OOBE based on FCC §90.672 for PS portable)
	2.18

	OOBE -46 dBm/6.25 kHz

(USA 700 MHz OOBE based on FCC CFR Title 47 Part 27.53)
	2.47

	OOBE -25 dBm/6.25 kHz

(USA 800 MHz OOBE based on FCC §90.691 and Industry Canada RSS-119)
	10.2
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Figure 4  Outage of downlink NB PS system without LTE system interference
(NBPS radius = 6 km)
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Figure 5  Outage of downlink NB PS system with LTE system interference
(OOBE  -57 dBm/6.25 kHz, NBPS radius = 6km,  LTE radius = 500 m)
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Figure 6  Outage of downlink NB PS system with LTE system interference
(OOBE  -25 dBm/6.25 kHz, NBPS radius = 6km,  LTE radius = 500 m)
5 Conclusions
Based on the results generated for the scenarios mentioned, the following conclusions can be drawn. Should the assumptions change, then the results would need to be generated once again and the following conclusions might change.
· On the Downlink, the FCC 700 MHz BS emission limits of -46 dBm/6.25 kHz yield much better protection to NB PS than the FCC 800 MHz emission limits of -25 dBm/6.25 kHz. The more stringent FCC §90.672 OOBE levels of -57 dBm/6.25 kHz would result in even better protection. The guard band and any other measures needed to meet these OOBE levels are for further study. 
6 Annex

6.1 LTE System Modeling

The LTE modeling is based on TR 36.942 [1]. 

6.2 NB PS System Modeling
6.2.1 Methodology

We used the similar methodology we used in 3GPP based Monte-Carlo static simulations when coexistence analysis is conducted for LTE UE -> NB PS BS and LTE BS -> NB PS portable. Instead of SNR-throughput mapping and throughput degradation, we use the outage as the metric to compare the performance when LTE system is the interferer and NB PS system is the victim.
6.2.2 Outage criteria

A NB PS user is in outage if it falls in either of the following two cases:

· Unavailable. A user is said to be unavailable if its received signal strength is lower than its receiver sensitivity even when no interference from other users is considered (i.e. with only thermal noise taken into account). This could happen when a user is too far from the base stations, or the propagation loss is too high.

· Interfered. A user is said to be interfered when its received signal strength is above its receiver sensitivity but the received SNR is lower than the required SNR. 

As a result, system outage can be obtained in simulation as follows:


[image: image7.wmf]users

 

of

number 

 

total

users

 

interfered

 

of

number 

 

 

users

 

e

unavailabl

 

of

number 

outage

 

system

+

=


(20)

Note that system outage is calculated for each trial then averaged over a number of trials to obtain the final figure.  A maximum amount of outage for the NB PS system, either averaged over the entire coverage area or within the outer edge of the coverage area, of 3% is typical.
The system parameters used in our simulations are listed in the following Tables.

6.3 LTE Parameters

	 
	Base Station
	UE

	Carrier frequency
	850 MHz

	Channel bandwidth
	5 MHz

	Cell radius
	1.0 km (suburban) 500m (urban)

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
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 = 65 degrees, Am = 20 dB
	Antenna gain + body loss=
-10 dBi [5]

	Noise figure
	5 dB
	9 dB

	Transmit power
	43 dBm
	23 dBm

	Antenna height
	30 m
	1.5 m


6.4 NB PS System Parameters

	 
	Base Station
	Portable

	Carrier frequency
	850 MHz

	Channel bandwidth
	6.25 kHz

	Cell radius
	12 km (suburban) and 6 km (urban)

	Antenna height
	100 m from ground (15 m roof height)
	1.5m

	Lognormal fading
	10 dB

	Antenna gain and antenna pattern
	11 dBi omni-directional
	Antenna gain + body loss =
-6 dBi

	Noise figure
	5.7 dB
	9.75 dB

	Transmit power
	45 dBm
(after combiner loss)
	36 dBm

	SNR Threshold
	16.5 dB
	16.5 dB

	Effective Noise Bandwidth (ENBW)
	6.25 kHz
	6.25 kHz

	Noise Floor 
	-130.3 dBm / 6.25 kHz
	-126.3 dBm / 6.25 kHz

	Sensitivity
	-113.8 dBm / 6.25 kHz
	-109.8 dBm / 6.25 kHz
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