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1 Background

RAN4 spent considerable time during the development of Band 26 developing appropriate OOBE limits to protect public safety systems operating adjacent to the lower end of Band 26. (see Figure 1) 

Figure 1:  The FCC band plans in the Southeast U.S. (top) and other areas in the U.S. (bottom).
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During the time that RAN4 debated this issue Intel, Motorola, Motorola Solutions,  Qualcomm [1][2][3][4][5][6] and Sprint [7] submitted several contributions proposing OOBE values between -35 dBm/6.25 KHz and -43 dBm/6.25 KHz.  
The final OOBE values adopted in the standard were agreed at RAN#55, March 2012, here 3GPP adopted -42 dBm/6.25 KHz as the OOBE limit for NS_12, NS_13 and NS_14.  More recently Ericsson submitted a contribution [8] suggesting that the OOBE limit for NS_12, NS_13 and NS_14 could be relaxed to -35 dBm/6.25 KHz with minimal impact to public safety systems.  
All of these studies made assumptions on the power level received at the BS that affects service.  Sprint conducted testing to quantify the effect of LTE device out of band emissions (OOBE) and blocking caused by overload to Public Safety Base Stations when the Public Safety Base Stations are operating at reference sensitivity on the Public Safety desired signal.   The measurement technique takes the REFSENSE measurement test from TIA -603-C Section 2.1.4 and injects a LTE noise source (see section 3 for details) 
2 Results

Figure 2 shows the impact of a LTE aggressor signal injected at the BTS port on a 25 KHz Public Safety channel at REFSENS, REFSENS + 1 dB and REFSENS + 3 dB.  

Figure 2:  Public Safety Lab Test Results.
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The 1 dB noise rise and the 0 dB noise rise resulted in the same power from the aggressor UE.  While no specific outage calculations are provided, the approach that protects public safety systems is to limit the noise rise to less than 1 dB.  This results in a measured signal level of -133dBm/6.25 KHz at the base station antenna port.  It is clear from the calculations in Table 1 that the -35 dBm/6.25 KHz OOBE value depends on coverage-limiting power control and difficult location scenarios to come up with the 27 dB needed to adequately protect public safety operations.  
Table 1:  Additional Path loss needed to protect Public Safety operations
	Public Safety Margin Calculation w/ -35 dBm/6.25 MHz OOBE
	Value
	Units

	UE Transmit Power
	1
	dBm/6.25 KHz (+23 dBm/MHz) 

	PA and Filter Attenuation
	36
	dB

	Minimum Coupling Loss
	70
	dB

	Power Control and Additional Path loss
	27
	dB

	Input to PS base station 
	-133
	dBm/6.25 KHz


Through careful study 3GPP adopted an OOBE limit for Band 26 that exceeds the FCC limit by 17 dB, relaxing the 3GPP limit by 7 dB causes harm to public safety deployments.  Mitigating the increased interference from a -35 dBm/6.25 limit requires close coordination between commercial network operators and public safety systems, limiting deployment options.  The input power into the base station receiver that causes interference is a fixed value, so relaxing the OOBE limit only increases the amount of power back off that has to occur for a UE in the vicinity of a public safety base station.  
The current OOBE limit of -42 dBm/6.25KHz aligns very well with the OOBE values that iDEN devices emitted when public safety and iDEN system were interleaved[7].  In that case there were no documented UL to UL interference cases.  
3.0 LTE to Public Safety Test Proceedure
3.1 Test Cases

1. LTE device filtered OOBE to Public Safety  Base Station 

3.2 Equipment required

1.   800 MHz LTE VSG 

2.   2 Splitters: 3 dB loss, 50 Ohms, Isolation: 20 dB plus tap value, 20 Watts

3.   1 Step Attenuator (SA) 0-130 dB, 50 Ohms, Power handling 20 Watts
4.   Spectrum Analyzer (E4402-B or equivalent)

5.   8 Jumpers (swept, etc)

6. N to N Male Connector
7. Connectors – Type N, (avoid transitions when possible)

8. SMA transitions to type N connectors

9. Impedance: 50 Ohms 

Note:

1)  The R2660 is multi-functional. In these tests the R2660 serves as a 25 KHz FM modulated signal generator, and a SINAD meter.

2)  Resolution bandwidths must be set to 6.25 KHz for the OOBE test 
3.3
Equipment Set-Up:
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3.4 Procedure:

1.   Set up an LTE VSG to output a 5 MHz carrier centered at 815.9875 MHz using 25 RB’s. Configure the VSG to output +23 dBm total power. 
2.   Set the Spectrum Analyzer to 815.9875 MHz using 6.25 KHz resolution bandwidth.

3.   Adjust SA-1 to full attenuation to isolate the LTE and Public Safety test set-ups.  

4.   Set up the R2660 to generate a 1 KHz modulated carrier, 3 KHz deviation at 815.9875 MHz (the highest possible public safety frequency) and couple that signal into the Base Station receiver to produce a 12 dB SINAD reading.

5.   Increase the RF signal level of the R2660 by 3 dB.

6.   Reduce attenuation on SA- 1 until the R2660 SINAD reading decreases to 12 dB SINAD.

7.   Measure and record the undesired emissions level on the Spectrum analyzer.

8.   Spectrum Analyzer Settings:

a. Center frequency: 815.9875 MHz 

b. Span: 50 kHz 

c. Resolution Bandwidth: 300 Hz

d. Amplitude: Adjust the RF level so that the out of band emissions level is at least 10 dB above the spectrum analyzer noise floor.

e. Measure: 6.25 kHz band power using spectrum analyzer power band or channel power marker function

9. In order to get the measurement of the interfering signal shut the R2660 signal generator off before taking the measurement or that signal will be in the measurement too.  

4
Conclusion/ recommendation

Relaxing the OOBE limit to -35 dBm/6.25 KHz is likely to eliminate the need for AMPR on the lower end of Band 26, however the benefits of relaxing the OOBE value to -35 dBm/MHz doesn’t outweigh the risk to public safety system.  
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