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1. Summary
This document discusses the sensitivity requirements for Band VIII (UMTS 900). In particular we consider the RF filter implementation aspects needed to support a small frequency gap between the receive and transmit operating band.
Based on the implementation issues raised in this document, we propose the UE sensitivity requirements for Band VIII (UMTS 900) should be set at -114 dBm similar to Band III (UMTS 1800)
2.      issues for consideration
In this section we look at the impact of 

· Rx Filter losses 
· Filter temperature shift 
· Filter flatness and impact on EVM / ISI
· Available filter performance 

2.1
Rx Filter losses
Filter losses are dependant on the required pass band bandwidth and stop band frequency. As the stop band frequency offset decreases, the insertion losses will increases. Similarly as the pass band bandwidths decrease, the filter losses will also increase for the same filter technology. In the case when the filter is implemented as part of a duplexer increasing the pass band will also impact the filter losses.
 The impact of filter losses and resultant impact on Rx sensitivity can be seen in TS 25.101 for the different operating bands as shown below 
	Operating

Band
	UL Frequencies

UE Tx Node Rx
(MHz)
	DL Frequencies

UE Rx, Node Tx (MHz)
	UE Rx sensitivity
(dBm)
	Rx bandwidth

(MHz)
	Min Tx/Rx Spacing

(MHz)

	I
	1920 – 1980
	2110 – 2170
	-117
	60
	130

	II
	1850 – 1910
	1930 – 1990
	-115
	60
	20

	III
	1710 - 1785
	1805 - 1880
	-114
	75
	20

	IV
	1710 - 1755
	2110 - 2155
	-117
	45
	355

	VI
	830 - 840
	875 - 885
	-117
	10
	35

	V
	824 - 849
	869 - 894
	-115
	25
	20

	VIII
	880 - 915
	925-960
	[-114]
	35
	10


1. With a smaller Tx  to Rx spacing the filter losses increase and we see this impact in the minimum sensitivity requirements for similar WCDMA operating bands in the 3GPP specifications {Band VI, V}.  In the case of Band VIII the minimum Tx to Rx spacing has further decreased by 100% so we would expects a sensitivity figure lower than Band V {i.e. > 2 dB}
2. If we now consider Band III and assuming simple frequency scaling we can consider the filter losses for the equivalent Band VIII (as the pass band and Tx-Rx gap have a similar value after scaling) the sensitivity of  WCDMA in the Band VIII (UMTS 900) would be similar to Band III which is a 3dB  delta compared to Band I (UMTS 2100)
2.2 Filter temperature shift

Filter temperature shift introduces a loss for the lower Rx band edge and the upper Tx band edge. This is show below in figure 1


[image: image1]
Rx sensitivity performance has to be met for all operating frequencies; in this case the sensitivity requirements must account for the effect of temperature for the lowest and highest operating channels
2.3 Filter flatness and impact on EVM / ISI
EVM is a measure of the difference between the reference waveform and measured waveform. The measured waveform will be distorted due to any errors in frequency, phase, amplitude and timing. As WCDMA is a wideband system the RF channel filter distortion has to be maintained over a larger bandwidth. High EVM in the Rx filter (ripple and group delay) will increase the Inter Symbol Interference (ISI) and degrades the receiver sensitivity performance for those 5 MHz channels at the band edges.  
For Band VIII a larger allocation of the ISI budget would be needed to be allocated for the RF filter impact due to the smaller Tx – Rx spacing. Impact of temperature will also need to be accounted for in the ISI budget as it is difficult to maintain this linearity for the band edge channels without increasing the pass-band attenuation (Note similar issue for Tx  EVM path). These issues are captured in fig 2 below.
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2.4 Available Filter performance 
The sensitivity of a receiver is directly proportional to the insertion loss in front of the LNA. The insertion loss is predominated by the receive filter.  Generally state of the art filter performance is determined by component vendors. In this case requirements are usually a trade –off between parameters for example
· Rx pass band attenuation  {impacts sensitivity}

· Tx  pass band attenuation [ impact Tx power, battery life}
· Tx/Rx pass band ripple {impact EVM / ISI - sensitivity}

· Tx/ Rx out of band attenuation {impact spurious emission, blocking spec , etc}

· Filter return loss {impacts antenna matching , radiated performance}

· Tx/ Rx filter temperature performance {impacts all parameters}

So filter which provide state of the art performance from one vendor in one area may not necessarily provide a matching performance in other areas. Additional losses also need to be factored in to account for other system components such as isolator and switching devices needed for single and multi-band terminal + RF components. Filter losses for the band 1 and VIII s are captured below

	Operating

Band
	UL Frequencies

UE Tx Node B Rx

(MHz)
	DL Frequencies

UE Rx, Node B Tx (MHz)
	UE Rx sensitivity

(dBm)
	Rx Losses

(dB)

	I
	1920 – 1980
	2110 – 2170
	-117
	

	VIII
	880 - 915
	925-960
	-114
	


3.0

cONCLUSION

Based on the issues raised in this document on the impact of 

· Rx Filter losses 

· Filter temperature shift 

· Filter flatness and impact on EVM /ISI
· Available Filter performance 

 We propose the UE sensitivity requirements for Band VIII should be set at -114 dBm. 
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Flatness over a channel bandwidth is difficult to maintain over temperature
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