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1. Abstract

In this document we look at the OOBE emission from legacy deployment at CDMA channel 777 (which is the highest frequency channel at 848.31MHz in B1 block for B5/B26) into the PSNB. This analysis reviews; the FCC requirements, examines handset vendor’s FCC filing and considers the mitigation effect of CDMA power control and geographical separation on this potential B1 interference scenario with PSNB. We note that the Public FCC data show alignment with the proposed LTE emission target of -57dBm/6.25KHz for the protection of PSNB at 851MHz.

2. Discussion

For CDMA deployment in the 850MHz band, the "A" carrier has room for eight contiguous CDMA carriers and one carrier at channel 691. The "B" carrier has room for seven contiguous CDMA carriers and one carrier at channel 777. Whilst an additional CDMA carrier can be allocated at 739, it would interfere with the channel at 777. So for the B1 carrier which is located closest to PSNB we will focus on channel 777 which is the worst case CDMA deployment from a PSNB co-existence perspective as shown below 
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Figure 2-1: CDMA deployment in B block 
The following analyses reviews the FCC requirements, examines published UE FCC compliance test results and considers the mitigation effect of CDMA power control and geographical separation on this potential B1 interference scenario with PSNB

2.1 FCC emission requirements

FCC C Rules 47 Part 22 sub part H (Cellular Radiotelephone Services) state The power of any emission outside of the authorized operating frequency ranges must be attenuated below the transmitting power (P) by a factor of at least 43 + 10 log(P) dB. In the 1MHz bands immediately outside and adjacent to the frequency block a resolution bandwidth of at least one percent of the emission bandwidth of the fundamental emission of the transmitter may be employed. A narrower resolution bandwidth is permitted in all cases to improve measurement accuracy provided the measured power is integrated over the full required measurement bandwidth (i.e. 100 kHz or 1 percent of emission bandwidth, as specified).
Examining the FCC compliance data we note that the CDMA handset vendor’s emissions requirements are generally specified with a measurement bandwidth of 13 KHz i.e. as -13dBm/13KHz which is 1% of CDMA occupied bandwidth (~1.28MHz).
2.2 FCC measurement data
Although CDMA cell phones have a lower Tx EIRP, CDMA cell phones may still interfere with PSNB subscribers that are far from a PSNB cell. The interference is caused by the CDMA UE sideband emissions, which do not roll off as fast as those associated with a narrow band transmission. Data from 5 different CDMA handset vendor’s FCC filing is shown below for CDMA channel 777 which is the highest allowed frequency channel at in B5 and B26.

Table 2.2-1: FCC measurement test data  

[image: image2.emf]Tx power  Radiated pwrOccupied BWMesurement bandwidth Emission at 849MHz Emission at 851MHz

2008 24.5 dBm 23.8 1.27MHz 13KHz  -18.3 < -53

2008 20.2 1.28MHz 13KHz  -14.4 < -54

2009 25.5 dBm 24.3 1.27MHz 13KHz  -13.4 < -55

2010 24.2 dBm 1.28MHz 15KHz -13.7 < -53

2011 25.6 1.29MHz 10KHz  -14.7 < -60

Note FCC filing from 5 different handset vendor 
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Results show that devices meeting the FCC requirement at 849MHz are 40dB better at a 2MHz offset (851 MHz) where PSNB is deployed (after FCC re-banding). Please note re-banding is still in progress.  This emission level of -53dBm is at the UE maximum output power. Note; these emission levels of -53dBm/13KHz  appear to be aligned with simulation results [1] which proposed a limit of -57dBm/6.25KHz (-54dBm/12KHz) 
2.3 Mitigation due to CDMA power control  

CDMA subscribers are specified to have a large power control range (over 70dB) supporting both open and closed loop power control. The following probability density function of subscriber transmit output power in a deployed network provides some insight into the expected transmitted power.

[image: image3.emf]
Figure 2.3-1: CDMA CDF of UE transmit power 
A visual examination of the chart indicates that the average subscriber transmit power is below -14dBm and that during 95% of the time the transmit power is below + 5dBm.  As the output power is decreased due to power control it is expected that the Tx spectrum will also decrease.  This indicates that interference projections based solely on maximum output power are 20dB worse than those based on the maximum power seen for 95% of the time. This is significant!   

This means that the typical emissions in PSNB are much lower than -53dBm/13kHz (measured at 24dBm) for 95% of the time; however, we need to be aware that the noise spectrum may not decrease at the same rate as the output power. Measured data shows that the noise reduces at a rate of 0.6dB/dB (3dB for every 5dB) reduction in output transmit power.   This means the effective conducted emission into PSNB for 95% of time is better than -65dBm/13KHz 
2.4 CDMA UE to PSNB isolation
The effect of UE to PSNB path loss is calculated via a simple free-space loss assumption at a reference distance. Specifically, the UE-UE coupling loss is computed from the standard free-space loss equation
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Where 
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 is the carrier frequency, 
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[image: image7.wmf]81

310

cms

-

=´

, 
[image: image8.wmf]Tx

G

 and 
[image: image9.wmf]Rx

G

 are the UE transmit and receive antenna gains (including hand and head loss) respectively. A value of -10dBi is used for 
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for hand-held operation. For PSNB mobile operation due to the high gain vehicle antenna and no mitigation due to head and body losses a value of +2dBi is used for 
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Table 2.4-1: CDMA coupling loss to PSNB mobile and hand-portable deployment 
	Distance (m)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Isolation loss to PSNB Portable (dB)1
	51
	57
	61
	63
	65
	67
	68
	69
	70
	71

	Isolation loss  to PSNB Mobile (dB)2
	39
	45
	49
	51
	53
	55
	56
	57
	58
	59

	1 Antenna gain of -10dBi used for both PSNB and CDMA to account for head and body losses

	2 Antenna gain of +2Bi used for both PSNB mobile vehicle deployment 


The difference between this interference noise level and the noise floor of a PS subscriber is calculated below for 1, 2 and 3 metre separation for 3dB desense criteria for both the PSNB portable and mobile deployment scenario.

Table 2.4-2:  PSNB (Portable / mobile)
	PSNB 
	Emission 
	95% CDF2, 3 
	 Interference noise 
	
	PSNB 1 noise floor

	Hand-portable
	dBm/13KHz
	mitigation 1:0.6
	dBm @ 1m
	dBm @ 2m
	dBm @ 3m
	
	

	FCC requirements
	-13
	5dBm 
	-72
	-81
	-85
	
	-124

	FCC measured data
	-53
	5dBm 
	-115
	-121
	-125
	
	-124

	
	
	
	
	
	
	
	

	PSNB                         Mobile
	Emission 
	95% CDF 
	Interference noise
	
	PSNB 1  noise floor

	
	dBm/13KHz
	mitigation 1:0.6
	dBm @ 1m
	dBm @ 2m
	dBm @ 3m
	
	

	FCC requirements
	-13
	5dBm 
	-63
	-69
	-73
	
	-124

	FCC measured data
	-53
	5dBm 
	-103
	-109
	-113
	
	-124


Note 

1 PS UE noise floor = ‑174dBm + 10 log(6.25KHz) + 9 dB noise figure = ‑127dBm/6.25kHz (-124dBm/12.5KHz)
2 Assumes that 95% of the time the transmit power is below + 5dBm 

3 Emission reduction due to power control assumes reduces at a rate of 0.6dB/dB

3

Conclusion
The analysis shows the FCC (-13dBm) requirement are significantly relaxed at 2MHz offset.  FCC approved devices show better than 40dB margin at 851MHz.  Using this public data and taking into account mitigation due to power control and geographical separation the CDMA interference is below the noise floor of the PSNB hand-portable receiver for 95% of the time for 3 metre separation. .In the case of a PSNB mobile deployment the impact is more significant and greater separation distance (> 3m) is needed to avoid degradation of the PSNB mobile receiver sensitivity and consequent coverage. 

Based on this analysis it is proposed to set the emission levels for 851 to 859MHz to -57dBm/6.25KHz (-54dBm/12.5KHz). This emission level is also aligned with the simulation results provided in [1].  We also note is emission target is also aligned with B13 which has a similar 2MHz offset protection requirement for PSNB

This emission target should also be applicable to deployment of 1.4MHz LTE in the B1 block (846.5-849MHz paired with 892.5-894MHz as this has a similar occupied bandwidth to CDMA.  However, the LTE carrier centre frequency within the 2.5MHz B1 block may be different to that of the re-farmed CDMA carrier since a guard band to protect adjacent AMPS system may not be needed. This should allow a greater frequency or guard band for PSNB operation at 851MHz for LTE deployment.
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