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1. Introduction

UMTS900 UE reference sensitivity has been discussed through the UMTS900 conference call. It was agreed that some analysis on the impact on UMTS900 network coverage and capacity, especially in rural area, before an final agreement on the UE sensitivity. The objective of this contribution is to analyse the possible impact on UMTS900 network coverage and capacity due to UE sensitivity degradation.   
2. UE sensitivity and downlink noise floor
Due to the small minimum gap of 10 MHz between uplink and downlink blocks, the duplexor filter loss is more important, UMTS900 UE sensitivity has to be degraded compared to the band I (2 GHz) UE sensitivity.
The impact of UE sensitivity degradation on UMTS900 network coverage and capacity should be analyzed. The table 1 below gives the UE sensitivity levels and the related downlink noise floor.

Table 1. UE sensitivity and downlink noise floor

	UE sensitivity (dBm)
	Noise figure including duplexor loss (dB)
	Downlink noise floor (dBm)

	-117
	9
	-99

	-116
	10
	-98

	-115
	11
	-97

	-114
	12
	-96


3. Analysis of impact on UMTS900 network coverage
UMTS is a WCDMA multi-service (multiple data rates) system. Two important characteristics of the WCDMA system are 

i) Coverage and capacity are closely correlated

ii) Uplink and downlink coverage/capacity can be different.

For a given service (data rate), uplink coverage is dependent of UE Tx power and BS sensitivity, uplink capacity is function of BS receiver performance (Noise figure, Eb/No). Downlink coverage is usually defined as the downlink pilot target Ec/I0., the pilot power allocation is a parameter to set. Downlink coverage depends BS Tx power and UE sensitivity, when UE sensitivity is degraded, for keeping the same downlink pilot coverage, more power should be allocated to pilot and other common channels. In consequence, less BS Tx power will be available to traffic channel, also the downlink traffic power consuming for a UE with degraded sensitivity will be higher, that means downlink capacity becomes smaller when UE sensitivity is degraded.
Usually a WCDMA network is designed with a 50% cell loading. The coverage and capacity at such cell loading are considered as the nominal network coverage and capacity. It is well known that WCDMA network is uplink limited in coverage, and downlink limited in capacity. It can be reasonably considered that downlink noise floor increase will not affect the uplink coverage.  The impact on downlink coverage can be adjusted by power allocation parameter setting, the impact of downlink noise floor increase (UE sensitivity degradation) will affect only downlink capacity (throughput).    
4. Analysis of impact on UMTS900 network capacity
4.1. Rural area large cell size

As stated in section 3, UMTS cell size is uplink limited, it is determined on uplink calculation. The cell size calculation depend many parameters, for a given cell reliability and a given set of system and network parameters, the cell sizes for different services (uplink data rates) are different. A typical cell size is calculated for CS64 service with 90% of cell area reliability, in rural area with BS antenna height of 40 m, with a 10 dB indoor penetration loss, the uplink allowable pathloss is estimated with a uplink link budget tool as 136.5 dB, the uplink cell range is estimated as 5 km.   
[image: image3.wmf]
Figure 1. Cell size is determined by uplink allowable pathloss
In order to maintain the same cell size in downlink, the downlink pathloss is related to the uplink pathloss,
DL Pathloss = UL Pathloss + df





(1)

Where df is the additional downlink pathloss, such as propagation loss difference due to the difference of downlink and uplink frequencies, insertion loss, etc.

When downlink noise floor is higher, the power allocated to common channels (Pilot, P-CCPCH, S-CCPCH, PICH, etc) should be increased, the available power for traffic channel becomes less, and the power consummation per traffic channel is also higher, the consequence is that the downlink capacity (throughput) will be reduced.
Under the assumption of a BS Tx power = 43 dBm, the simulated downlink PS384 capacity (throughput in kbps) losses for several pathloss values as function of downlink noise floor (dBm) are plotted in figure 2.  It can be seen that 

a) For pathloss = 140 dB, downlink PS384 capacity (averaged cell throughput in kbps) loss increases about 5% with 1 dB downlink noise floor increase, the downlink PS384 capacity (averaged cell throughput in kbps) loss is 17.5% for 3 dB downlink noise floor increase.

b) For pathloss = 136.5 dB (5 km cell range), downlink PS384 capacity (averaged cell throughput in kbps) loss increases about 2.5% with 1 dB downlink noise floor increase, the downlink PS384 capacity (averaged cell throughput in kbps) loss is 9% for 3 dB downlink noise floor increase.
c) For pathloss = 130 dB,  downlink PS384 capacity (averaged cell throughput in kbps) loss increases about 0.7% with 1 dB downlink noise floor increase, the downlink PS384 capacity (averaged cell throughput in kbps) loss is 2.2% for 3 dB downlink noise floor increase.
d) For pathloss = 120 dB,  downlink PS384 capacity (averaged cell throughput in kbps) loss increases 0.1% with 1 dB downlink noise floor increase, the downlink PS384 capacity (averaged cell throughput in kbps) loss is 0.2% for 3 dB downlink noise floor increase.
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Figure 2. DL capacity (throughput in kbps) loss (%) in function of DL noise floor (Rural area)
4.2. Urban area small cell size with indoor mobiles

In urban area, UMTS900 can be deployed for offering deep indoor coverage. The impact on UMTS900 downlink capacity loss in urban area can be estimated in the similar way. Under the assumption of dense urban environment, with BS antenna height of 30m, BS antenna gain of 15 dBi, 21 dB indoor penetration factor (IPF), the uplink budget gives a allowable pathloss of 123 dB for the service CS64, the cell range is estimated as 816 m. 
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Figure 3. DL capacity (throughput in kbps) loss (%) in function of DL noise floor (Urban area)

e) For maintaining the same cell range on downlink, under the assumption of a BS Tx power = 43 dBm, the simulated downlink PS384 capacity (throughput in kbps) losses for the pathloss of 123 dB with IPF=21 dB as function of downlink noise floor (dBm) are plotted in figure 3.  It can be seen that for this indoor coverage case with pathloss of 123 dB, indoor penetration factor of 21 dB, downlink PS384 capacity (averaged cell throughput in kbps) loss increases about 3% with 1 dB downlink noise floor increase, the downlink PS384 capacity (averaged cell throughput in kbps) loss is 9.7% for 3 dB downlink noise floor increase.

5. Discussion
UMTS900 UE sensitivity degradation will impact more network downlink capacity (throughput) rather than network coverage, since WCDMA network coverage limiting factor is uplink. Downlink common channel coverage is adjusted by the Tx power setting. 
Cell average downlink capacity loss due to downlink noise floor (UE sensitivity) increase depends allowable pathloss, plus indoor penetration factor, that  means cell size in rural area, and indoor penetration factor in urban area. For large cell size in rural area or large indoor penetration factor in urban area, the cell average downlink capacity loss becomes more important than that for small cell size in rural area or small indoor penetration factor in urban area.
Similar to PS384 service, when HSDPA is implemented in the network, the impact on HSDPA coverage/capacity  could be

a) Due to UE sensitivity degradation, for maintaining the same coverage, the power allocated to common channels has to be increased, this will makes less power for HSDPA data traffic channel, the downlink throughput will be reduced accordingly.  

b) Increase of HS-SCCH part will also reduce in consequence the power for HS-DSCH.

c) At cell border, when noise becomes comparable to extra-cell interferences, the downlink throughput will be reduced.
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