TSG-RAN Working Group 4 (Radio) meeting #37
R4-051382
Seoul, Korea, November 7th – 11th, 2005

Source:
Nortel, Orange, Qualcomm  
Title:
Text proposal for the UMTS900 WI TR25.816, Section 4.5
Agenda item:
6.3.2

Document for:
Approval
1. Introduction

This paper proposes the text for the UMTS900 WI TR25.816 section 4.5 for Ran 4 approval. 

‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
4.5  UE Rx sensitivity and possible impact on network coverage & capacity
4.5.1. UE Rx sensitivity 
4.5.1.1. 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 

4.5.1.2.  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
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	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)
4.5.1.3. 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
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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

4.5.1.4.  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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4.5.1.5.  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
	


4.5.1.6.  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. 
4.5.2. Impact on network coverage/capacity due to UE sensitivity degradation 
Two different approaches on the analysis of the possible impact on network coverage/capacity are presented here. Due to the fact the analysis approaches are different, the obtained results can be different as well. These two analysis approaches can help operators to further analyse the possible impact on UMTS900 network coverage/Capacity when planning the network.
The first analysis approach and results are described in section 4.5.2.1, the second analysis approach and results are given in section 4.5.2.2.   
4.5.2.1. Analysis of UE reference sensitivity impact on system capacity 

This section is dedicatezd to the analysis of the impact of UE reference sensitivity to the WCDMA900 network coverage and capacity in the rural scenarios 4.

Scenario 4: UMTS macro vs UMTS macro, in rural environment, uncoordinated

4.5.2.1.1 Analysis

In order to understand the impact of UE reference sensitivity to the system coverage/capacity the Scenario 4 simulation was done with single operator only, which represents the most critical scenario from the UE reference sensitivity point of view as the amount of interference is the lowest. UE reference sensitivity of -114dBm DPCH_Ec was used and the system was loaded to the full capacity and after that the CPICH power of the each user was recorded. Note that the number of users in the system does not have any impact on the common channel received signal power but the users were introduced into the simulation to monitor the signal levels in the network. The more users there are the more reliable are the results as the statistics cover the whole network area. The CPICH_RSCP distribution is shown below:
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Figure 1. CPICH_RSCP in rural scenario 4, PDF and CDF

As can be seen from the figure 1 the probability that the CPICH_RSCP is below -75dBm is 1%.

In order to understand the signal powers for the UEs that are located indoors an IPF of 15dB can be used as agreed in scenario 6 assumptions [3]. The probability that the CPICH_RSCP for an indoor user is lower than -75dBm-15dB= -90dBm is hence 1%. The CPICH_RSCP power in the UE reference sensitivity requirement is 7dB above the DPCH_Ec hence if DPCH_Ec is -114dBm the CPICH_RSCP is -107dBm that is 17dB lower than the lowest CPICH_RSCP power seen by any user in the scenario 4 even if 15dB IPF is assumed.

Table 1- Parameters for 12.2kbps DL reference channel
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25.101 Table C2

Relative to DPCH (dB)

Channel power (dBm)

P-CPICH

7

-107

P-CCPCH 

5

-109

SCH

5

-109

PICH

2

-112

DPCH

-114

TOTAL

Ior (dBm)

-103.68


In order to quantify the impact of UE noise figure to the system performance the level of other cell pilots was also recorded. The other-cell pilot power distribution is shown below:

[image: image5.wmf]
Figure 2. Received other cell pilot power in rural scenario 4, PDF and  CDF
The other-cell pilot powers are in 99% of cases above -70dBm. The received other-cell pilot powers were recorded in order to understand the signal powers in the empty system as a fully loaded system is in most cases interference limited, however in this case the other-cell interference of the pilots alone is significantly higher than UE noise floor. Assuming 15dB IPF the other-cell pilot power for user located indoors is in 99% of cases above -70dBm-15dB= -85dBm.

The total interference in the UE receiver is the sum of the intra-frequency interference, inter-frequency/system interference (here equal to zero) and UE noise floor. The total interference power in the 99% point with UE reference sensitivity of -117dBm DPCH_Ec and -114dBm DPCH_Ec is calculated below:
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As can be seen from the calculation above the impact of 3dB higher UE noise figure is only 0.2dB hence the UE reference sensitivity of -114dBm has negligible impact on the system coverage/capacity or HSDPA bit rates in the analyzed scenario.

4.5.2.1.2. Discussion
In this section the impact of UE reference sensitivity of -114dBm DPCH_Ec to the system coverage/capacity in rural scenario 4 has been analyzed. As the other-cell pilot powers in the system are high also indoors the 3dB higher UE NF, when compared to core band, has negligible impact on the system capacity.
4.5.2.2. Possible impact on  network coverage/capacity due to UE sensitivity degradation
4.5.2.2.1. 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


4.5.2.2.2. 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).    

4.5.2.2.3. Analysis of impact on UMTS900 network capacity
4.5.2.2.3.1. 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.   

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)

4.5.2.2.3.2. 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.

4.5.2.2.4. 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.

​​​​​​​​​​​‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
[image: image9.png]



MHz





925





960





915





Rx Pass band





Figure 1








Filter temperature shift causes lower 


Receive band edge loss to increase.





dB





Temperature shift





Tx Pass band





Rx Pass band





5MHz channel width





Temperature shift





Flatness over a channel bandwidth is difficult to maintain over temperature





Figure 2








PAGE  
9

