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1 Introduction

This paper discussed coexistence issues between LTE in 698~806MHz with Public Protection and Disaster Relief (PPDR) and iDEN systems operating above 806MHz.  The frequency boundaries are showed in Figure 1. 
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Figure 1 Basic Spectrum Block Boundary Situation
In this band, mobile is transmitting at the low end of the band, and there are four interference scenarios at 806MHz: 

a) LTE BS Tx ( PPDR/LMR BS Rx

b) PPDR/LMR UE Tx ( LTE UE Rx

c) LTE BS Tx ( iDEN BS Rx

d) iDEN UE Tx ( LTE UE Rx

In this paper, we analyze the above to interference scenarios using deterministic analysis methodology. System parameters used in this paper are listed in the Annex. 
2 Deterministic analysis of LTE BS Tx to PPDR (Tetra) BS Rx

a) Effect of Transmitter OOB Emission

The noise floor NF of a PPDR BS can be calculated as below:
NF = -174dBm/Hz + 10*log10(18kHz) + 5.4dB = -126dBm/18kHz
Given the “1dB desensitization” criterion, the maximum allowed interference power level at the PPDR BS is:  IXmax  = NF(dBm) – 5.9(dB) = -132 dBm/18kHz
Assuming 70dB MCL between LTE BS and PPDR BS, the interference from LTE BS to PPDR BS Rx band is  Pinterf = 46dBm/10MHz – 45dB (ACLR) – 70dB – 10*log10(10MHz/18kHz) = -96.4dBm/18kHz
Given Pinterf and IXmax, the required isolation for safe operation is calculated as follows: Isolationreq (dB)= Pinterf – IXmax. = 35.6dB

Therefore, 35.6dB additional isolation is needed.  If assuming 50dB MCL, then 55.6dB additional isolation is needed. From Figure 2, with 2.5MHz, additional 60dB isolation can be achieved.

b) Effect of Receiver Blocking 

Assuming 70dB MCL, the interference at the PPDR BS due to its receiver imperfection is given by

Pinterf   = 46dBm – 70dB  = -23dBm. For -40dBm blocking at 50 kHz, we need additional 17dB isolation. With at least 500 kHz guard band, the blocking of the BS is -25dBm, then no additional isolation is needed.

So to mitigate LTE BS Tx to PPDR BS Rx interference, around 2.5MHz guard band is needed.

3 Deterministic analysis of PPDR (Tetra) UE Tx to LTE UE Rx

a) Effect of Transmitter OOB Emission

The noise floor NF of a LTE UE can be calculated as below:

NF = -174dBm/Hz + 10*log10(10MHz) + 9dB = -95dBm/10MHz
Given the “1dB desensitization” criterion, the maximum allowed interference power level at the LTE UE is: 

IXmax.  = NF(dBm) – 5.9(dB) = -101dBm/10MHz
Assuming 50dB MCL, with -55dBc emission, the interference from PPDR UE to LTE UE Rx band is  Pinterf = 30dBm/25kHz – 55dB – 50dB + 10*log10(10MHz/25kHz) = -49dBm/10MHz
Given Pinterf and IXmax, the required isolation for safe operation is calculated as follows: Isolationreq (dB)= Pinterf – IXmax. = 52dB

Therefore, 52dB additional isolation is needed.  With 2.5MHz guard band, the emission is -80dBc, then the additional isolation needed is 27dB.

b) Effect of Receiver Blocking 

Assuming 50dB MCL (2 meters separation with free space path loss), the interference at the LTE UE due to its receiver imperfection is given by
Pinterf = 30dBm – 50dB = -20dBm, with -77dBm narrow band blocking, additional 57dB isolation is needed. 
For PPDR UE Tx interfering LTE UE Rx, the LTE UE blocking spec is the dominating factor in the interference analysis. For OOBE effect, a 2.5MHz guard band can mitigate the interference. 

4 Deterministic analysis of LTE BS Tx to iDEN BS Rx

a) Effect of Transmitter OOB Emission

The noise floor NF of a iDEN BS is -126dBm/18kHz

Given the “1dB desensitization” criterion, the maximum allowed interference power level at the iDEN BS is: 

IXmax  = NF(dBm) – 5.9(dB) = -132 dBm/18kHz
Assuming 70dB MCL between LTE BS and iDEN BS, the interference from LTE BS to iDEN BS Rx band is 

Pinterf = 46dBm/10MHz – 45dB – 70dB – 10*log10(10MHz/18kHz) = -97dBm/18kHz
Given Pinterf and IXmax, the required isolation for safe operation is calculated as follows: Isolationreq (dB)= Pinterf – IXmax. = 35dB
Therefore, 35dB additional isolation is needed.  If assuming 50dB MCL, then 55dB additional isolation is needed. From Figure 2, with 2.5MHz, addition 60dB isolation can be achieved.

b) Effect of Receiver Blocking 

Assuming 70dB MCL, the interference received at the iDEN BS due to its receiver imperfection is given by

Pinterf  = 46dBm – 70dB  = - 24dBm.
The iDEN BTS blocking is -40dBm, so 16dB additional isolation needed.

So to mitigate LTE BS Tx to PPDR BS Rx interference, around 2.5MHz guard band is needed.

5 Deterministic analysis of iDEN UE Tx to LTE UE Rx

a) Effect of Transmitter OOB Emission

The noise floor NF of a LTE UE can be calculated as below:
NF = -174dBm/Hz + 10*log10(10MHz) + 9dB = -95dBm/10MHz
Given the “1dB desensitization” criterion, the maximum allowed interference power level at the LTE UE is: IXmax.  = NF(dBm) – 5.9(dB) = -101dBm/1MHz
Assuming 50dB MCL between iDEN UE and LTE UE, at 25kHz frequency separation, 

Pinterf = 27dBm/18kHz – 55dBc/18kHz – 50dB + 10*log10(10MHz/18kHz) = -51dBm/1MHz
Additional isolation required is: Isolationreq (dB)= Pinterf – IXmax. = 50dB
For 1250kHz frequency separation, Pinterf =-86dBm/1MHz, Additional isolation required is 25dB. 

b) Effect of Receiver Blocking 

Assuming 50dB MCL (2 meters separation with free space path loss), the interference at the LTE UE due to its receiver imperfection is given by

Pinterf  = 27dBm – 50dB = -23dBm, with -77dBm narrow band blocking, additional 54dB isolation is needed
6 Discussion

a) For LTE BS Tx to PPDR BS or iDEN BS Rx, we believe 2.5MHz guard band with filter can produce the additional isolation needed. 
b) For PPDR UE or iDEN UE Tx to LTE UE Rx, the dominating factor is the LTE UE receiver blocking effect. In order to be able to conclude the guard band requirement, we would need the actually product block spec with different guard band. 

7 Summary and recommendation
2.5 MHz guard band with a suitable filter can provide the necessary isolation for coexistence of PPDR/LMR operating above 806 MHz and LTE systems operating below 806 MHz band. However higher guard band may be needed to avoid blocking of the LTE UE receiver. For this a guard band of 3-4 MHz is recommended. 

8 Annex 
Table 1
 lists the parameters used for the PPDR/LMR systems in this study 

Table 1 PPDR/LMR (Tetra) system parameters [2]
	
	Base Station
	Portable

	Carrier frequency
	800 MHz

	Channel bandwidth
	25 kHz

	Effective noise bandwidth
	18kHz
	18kHz

	Antenna gain
	11dBi omni-directional
	-6dBi

	Noise figure
	5.4 dB
	8.4 dB

	Transmit power
	44 dBm
	30 dBm

	Emission mask
	-55dBc @25kHz,-65dBc @50kHz

-70dBc from 100kHz to 250kHz

-74dBc from 250kHz to 2500kHz

-80dBc beyond 2500kHz
	-55dBc @25kHz,-65dBc @50kHz

-70dBc from 100kHz to 250kHz

-74dBc from 250kHz to 2500kHz

-80dBc beyond 2500kHz

	Receiver blocking
	-40dBm from 50kHz to 100kHz

-35dBm from 100kHz to 200kHz

-30dBm from 200kHz to 500kHz

-25dBm beyond 500kHz
	-40dBm from 50kHz to 100kHz

-35dBm from 100kHz to 200kHz

-30dBm from 200kHz to 500kHz

-25dBm beyond 500kHz



Table 2
 and Table 3 list the system parameters for the LTE system and iDEN system, respectively.
Table 2 LTE system parameters
	
	Base Station
	UE

	Channel bandwidth
	10 MHz

	Antenna gain
	15dBi
	-10dBi

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm

	Narrow band blocking
	-61dBm
	-77dBm

	Emission (ACLR)
	45dB
	30dB


Table 3 iDEN system parameters

	
	Base Station
	portable

	Channel bandwidth
	18kHz

	Antenna gain
	11dBi
	-6dBi

	Noise floor
	-126dBm
	-122dBm

	Transmit power
	43 dBm
	27 dBm

	Receiver blocking
	-40dBm
	-40dBm

	Emission
	-70dBc/25kHz
	-55dBc/18kHz @25kHz

-65dBc/18kHz @50kHz~500kHz

-75dBc/18kHz @1250kHz
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Figure 2 IMT Base Station Duplex Filter Simulated Performance
Figure 2 IMT Base Station Duplex Filter Simulated Performance
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