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1
Introduction
In [1], the sensitivity of Tx noise floor to TX-RX frequency separation has been analyzed to figure out the feasibility of reducing the TX-RX frequency separation by a further 5 MHz for certain cases. In the analysis in [1], a couple of points were ambiguous and this contribution provides a slight modified analysis to clarify it.
2
Basic RF System Parameters
In Table 1, we list the basic RF system parameters assumed in this analysis. 

Table 1: Basic RF System Parameters

	RF System Parameter
	Value
	Units

	Channel BW
	5
	MHz

	Signal BW
	3.84
	MHz

	ACLR @ 5 MHz offset
	36
	dB

	ACLR slope
	13
	dB/5MHz

	PA output
	28
	dBm

	TX/RX duplexer isolation
	45
	dB

	Tx power density in the Rx band
	-135
	dBm/Hz

	LNA&post Noise Figure
	2.5
	dB


· An ACLR level of 36 dB at 5 MHz offset. This seems to be a common maximum value for the PA part itself, not including further degradation due to other nonlinearities (switchplexer etc), see e.g. W-CDMA/HSPA power amplifier data sheets in [2][3].

· The assumption of an ACLR slope of 13 dB/5 MHz, which seems a typical value, see e.g. the W-CDMA/HSPA power amplifier data sheets in [2][3]

· The assumption of TX/RX duplexer isolation of 45 dB is based on a typical SAW duplexer Band VIII data sheet, see [4].

· The assumption of a PA output of 28 dBm allows for a margin of 4 dB due to duplexer and switchplexer insertion losses, by the time the signal reaches at the antenna.

· The assumption of -135 dBm/Hz tx power in the receive band, which is also a common value for state-of-the-art PAs [2][3].
· 2.5 dB of noise figure is assumed for LNA & post parts after the LNA.
2
Noise Floor at LNA input due to Thermal Noise
Assuming the room temperature (290 K), receiver thermal noise is given by:

Nth = kBT = -174 dBm/Hz
Then, the input referred noise floor at the LNA will becomes -171.5 dBm/Hz (= -174 dBm/Hz + LNA&post Noise Figure).
3
Transmit Noise Floor Sensitivity to TX-RX Frequency Separation

In Figure 1, a high level block diagram of the RF sub-system of a UE transmitter is illustrated. As seen in the figure, a SAW filter precedes the power amplifier. Hence in this analysis, we only consider the spectral energy in the receiver band due to the PA only. The spectral re-growth is a function of the PA non-linearity. 
In Table 2, we present the impact of the Tx noise floor on Rx band as a function of TX-RX frequency separation. The ACLR listed in the table represents the ACLR component due to the PA itself and is usually about 3 dB larger than the overall transmitter ACLR = 33dB, see also maximum ACLR at 5 MHz offset in the cited PA data sheets [2],[3]. As a function of ACLR, the following quantities can be derived as follows:


[image: image1]
Figure 1: High Level Block Diagram of UE transmitter (RF subsystem)
· Spectral Re-growth PSD = PA Output - ACLR – 10*log10 [3.84e6]
· Total PA Noise Output PSD = 10*log10[ 10^(0.1*Spectral Re-growth) + 10^(0.1*PA Noise) ]
· Tx Noise Floor PSD in Rx Band = Total PA Noise Output – Tx/Rx Duplexer Noise Isolation
· Total Noise Floor at LNA input = 10*log10[ 10^(0.1*Tx Noise Floor) + 10^(0.1*Thermal Noise Floor) ]

· Absolute Desense = Total Noise Floor at LNA input – Thermal Noise Floor
· Normalized Desense = Total Noise Floor at LNA input – Min[ Total Noise Floor at LNA input ]
“Absolute Desense” represents the amount of desensing compared to the case when there is no Tx noise floor to Rx band. “Normalized Desense” represents the amount of desensing compared to the case when there is no spectral re-growth of Tx band to Rx band but with PA noise.

As seen in the Table 2, we observe:

· For a Tx-Rx frequency separation up to 25 MHz, the desensing amount could be as large as 3.05 dB compared to the case when Tx-Rx frequency separation is large enough, i.e., there is no spectral re-growth of Tx band to Rx band.
· For a Tx-Rx frequency separation of 30 MHz, the desensing amount is only 0.22 dB.
This analysis serves as a justification for the exceptions requested for Bands XII, XIII, and XIV.
Table 2: Tx Noise Floor Sensitivity to TX/RX Frequency Separation
	ACLR Order
	Tx-Rx Freq Sep
	PA ACLR
	Spectral Regrowth 
@ PA out
	PA Noise 
@ PA out
	Total PA Noise

@ PA out
	Tx Noise Floor
@ LNA in
	Total Noise Floor
@ LNA in
	Absolute Desense
	Normalized Desense

	Unit
	MHz
	dBc/3.84MHz
	dBm/Hz
	dBm/Hz
	dBm/Hz
	dBm/Hz
	dBm/Hz
	dB
	dB

	1
	5
	-36
	-73.84
	-135.00
	-73.84
	N/A
	
	
	

	2
	10
	-49
	-86.84
	-135.00
	-86.84
	N/A
	
	
	

	3
	15
	-62
	-99.84
	-135.00
	-99.84
	-144.84
	-144.83
	26.67
	26.09

	4
	20
	-75
	-112.84
	-135.00
	-112.82
	-157.82
	-157.63
	13.87
	13.29

	5
	25
	-88
	-125.84
	-135.00
	-125.35
	-170.35
	-167.87
	3.63
	3.05

	6
	30
	-101
	-138.84
	-135.00
	-133.50
	-178.50
	-170.71
	0.79
	0.22

	7
	35
	-114
	-151.84
	-135.00
	-134.91
	-179.91
	-170.92
	0.58
	0.01

	8
	40
	-127
	-164.84
	-135.00
	-135.00
	-180.00
	-170.93
	0.57
	0.00

	9
	45
	-140
	-177.84
	-135.00
	-135.00
	-180.00
	-170.93
	0.57
	0.00


4
Conclusion

A sensitivity analysis was performed to understand the impact of PA noise spectral energy in the receiver band as a function of TX-RX frequency spacing. Based on the analysis we conclude that for DC-HSDPA, a frequency separation of 25MHz between the UL and any of the DL carriers corresponding to the serving and secondary serving HS-DSCH cells, may not be acceptable due to the high level of PA spectral re-growth noise component that appears in the receiver band. 
5
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