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1. Introduction

One motivation to use TMA is to compensate feeder losses in the receive path. If the noise figure of the TMA is better than the noise figure of the BS the uplink performance can be improved further. This document provides an analysis of the impact of TMA gain and feeder loss on the receive system noise figure.

2. Discussion

Figure 1 shows the RF chain from the antenna to the BS receiver for a BS equipped with TMA. It is assumed that in addition to the TMA two BIAS-T to provide DC power and O&M signaling via the feeder cable are inserted. In the following, the influence of interconnections between antenna and TMA, TMA and BIAS-T, BIAS-T and BS-RX is neglected (in praxis these are short jumper cables with very low insertion loss), only the feeder cable is considered.
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Figure 1

Reference sensitivity of the WCDMA receiver is dependent of the receiver noise figure. The composite noise figure of the receive chain with TMA can be calculated using Friis’ equation [1, 2]. This equation models the behavior of a cascaded line of active and/or passive components, characterized by its Gain G and Noise Figure NF. An example chain of fife elements is shown in figure 2. 


[image: image2.emf] 

NF 1 , G 1   NF 2 , G 2   NF 3 , G 3   NF 4 , G 4   NF 5 , G 5  


Figure 2

The composite noise figure of the chain in figure 2 can be calculated according to Friis’ equation as:
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In case of passive elements the noise figure is equal to the insertion loss. 

From (1) the following conclusions can be drawn:

· The composite noise figure is dominated by the noise figure of the first component and cannot be less than this.

· The gain of the last component does not contribute to the composed noise figure.

In order to estimate the impact of the whole receive chain with and without TMA, the composite noise figure for typical BS deployments is calculated with the parameters listed in table 1.

Table 1: Parameters for composite noise figure calculation

	TMA gain
	12dB, 24dB

	TMA noise figure
	1,5dB

	BS noise figure
	5dB, 3dB

	BIAS-T insertion loss
	0,3dB

	Feeder loss
	2dB, 4dB, 6dB


The TMA gains and noise figure are representative figures of TMA in the market. For the BS, beside the 5dB noise figure where requirements in TS25.104 are based on, also an improved noise figure of 3dB is taken into consideration. For the calculation, two BIAS-T are considered, based on the assumption that RET with external modems is deployed, however the impact of the BIAS-T on the composed noise figure is rather small. Composed noise figures are presented in table 2.

Table 2: Composite noise figure in dependency of BS noise figure and TMA Gain

	Feeder loss
	5dB BS noise figure
	3dB BS noise figure

	
	No TMA
	TMA gain 12 dB
	TMA gain 24dB
	No TMA
	TMA gain 12 dB
	TMA gain 24dB

	2dB
	7,60 dB
	2,34 dB
	1,56 dB
	5,60 dB
	1,98 dB
	1,53 dB

	4dB
	9,60 dB
	2,84 dB
	1,60 dB
	7,60 dB
	2,34 dB
	1,56 dB

	6dB
	11,60 dB
	3,54 dB
	1,66 dB
	9,60 dB
	2,84 dB
	1,60 dB

	8dB
	13,60 dB
	4,46 dB
	1,76 dB
	11,60 dB
	3,54 dB
	1,66 dB


The following can be observed:

· The higher the gain of the TMA as first component, the closer the composed noise figure is to that of the TMA.

· The composite noise figure is dependent of the feeder loss; this dependency is less for higher TMA gain / feeder loss ratios. 

3. Conclusion

In this contribution it is shown that TMA gain and noise figure, BS noise figure and feeder loss have a significant impact on the composite noise figure of the BS receive system, hence impacting the reference sensitivity. It is proposed to include section 2 of this document in the TMA Study Item technical report, section 6.4.
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