3GPP TSG RAN WG4 (Radio) Meeting #46bis

                         


R4-080710
Shenzhen, People Republic of China
31st March to 4th April 2008
Source: 
Motorola

Title: 
TS36.101: TP for UE Spurious emission limits
Agenda Item:
5.1.2.2
Document for:
Approval

1
Introduction
For LTE there are a number of issues which need to be addressed when defining the spurious emission requirements. In some cases, these requirements are mandatory (regulatory), recommendations for guidance (ITU), worst case analyses and probability of occurrence. 
UE to UE co-existence is a limiting parameter in defining the spurious emission requirements; when operating with wider channel bandwidths (10-20MHz), narrow duplex gaps (700/900/1900/2600 MHz), adjacent duplex modes (FDD/TDD), adjacent technologies (3GPP, 3GPP2, IEEE, etc) and regulatory conformance (Public Safety, GPS protection, OFCOM and PHS) 

In this document we look at the spurious emission requirements relating to UE to UE co-existence in order to define a general approach for setting the specification limits for LTE. A TP proposal is provided for TS36.101 

2
Background
For LTE it is important that we define the appropriate requirements to minimize the co-existence aspects.  We also need to ensure we can maximise the spectrum usage, as the use of guard band for the protection of other services are no longer considered appropriate from a regulatory perspective. 
In TS25.101, the spurious emission limits were based on general criteria of -60dBm/3.84MHz to address UE Tx to UE Rx co-existence and an additional requirement based on either legacy specifications or implementation issues. This generic requirement was proposed with no prior significant analysis and therefore the specification limits was regularly modified when new bands were added. So the purpose of this paper is to review if this generic requirement is appropriate 
As the number of operating bands increase it is becoming impossible to maintain this generic -60dBm/3.84MHz approach. For example, assuming a LTE UE is operating on Band 1 and it capable of roaming into region 1 and 2, it would need to meet the co-existence emission requirement for bands {1, 6, 8, 11, 3, 9, PHS, 33, 34, 38, 7} as shown below in figure 2.-1. 
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Figure 2-1 shows the number of operating bands that need to be addressed for co-existence analysis
As more operating bands are added i.e. IMT-ADV, the problem will become worse and will further increase for multi -band terminal when roaming into other regions. Further more, if receiver band is a harmonic of the transmit band, then this problem is increased and compounded by larger bandwidth channels due to greater harmonic spreading (2nd harmonic interfering bandwidth is doubled) e.g. Band 8 which is a sub-harmonic of band 3 and Band 7 so this is an additional issue. 
3
Analysis
The main source of UE to UE interference occurs when there is close geographical proximity between a UE transmitter and a co located UE receiver. In this scenario (figure 1) the UE Tx OOB emission sums with the thermal noise floor of the UE Rx. 

[image: image2]
Figure 3-1 UE to UE interference scenario

The increase in noise power in the receiver requires an equal increase in desired signal power to maintain equivalent signal to-noise ratio (SNR) and thus causes a reduction in the sensitivity of the receiver. Since the interference is due to noise that is on-channel to receiver, there is nothing that can be done at the receiver to mitigate interference due to Tx OOB and therefore it is important to set the appropriate value for Tx OOB. 
The interference due to OOB is a probability function, depending on the;
a) UE to UE path loss - Geographical separation

b) Channel bandwidth and channel plan 

c) UE antenna and body losses 

d) Transmit power taking into account power control

e) Receiver noise floor allowed due to interfering emission 

f) Scheduler control of  RB allocation, RB location and RB configured power
g) Location of victim Rx relative to its own base station

For our analysis it is proposed to set a working assumption for some of the above parameters and look at the minimum separation distance for different values of spurious emission levels normalized to measurement bandwidth of 100 KHz. To validate our assumptions we compare the results with the current specification limits defined in TS25.101 and ITU-SM329.  
3.1 
UE to UE path loss –Geographical separation 

In our analysis we assume free space path loss between terminals. Free space path loss is the loss in signal strength of the Tx OOB that would result from a line of sight path through free space with no obstacles nearby to cause reflection or diffractions. It does not include UE(s) antenna gain or hand and head losses 

The equation for Free Space path loss is computed from the standard free-space loss equation 
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Free space loss is not valid for near field coupling, however if we consider the minimum target separation distance is ~ 1metre and above, then the free space loss criteria can be used. 
3.2 
UE antenna and body losses 

Previous analyses for path loss calculations have assumed the antenna gain is 0 dBi and did not account for hand or body losses although this was included as part of the UMTS900 spurious emission analysis. From R4 conclusion on TRP/TRS radiated performance [TS25.914] the use of 0 dBi is extremely pessimistic.  In practise the antenna gain of a handset terminal is significantly lower than this value and also a function of the operating band or frequency.  In this document we propose the following values (per UE) are used for antenna, head and hand losses.
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Figure 3.2-1 Hand and Head loss coupling losses
These rationale for these values are provide in Annex A. The head and hand losses are defined for the unwanted emission in the case of the interfering transmitter and so, in practise, the loss at these unwanted frequencies would be much lower than those on the wanted frequency which are the bases for TRP
3.3 
Transmit power (Maximum power and Power control)
The specification shall be based on worst case transmit power (+23 dBm) for the spurious emission limits. 

However, in our analysis we consider both the worst cases transmit power (+23 dBm and a lower transmit power (+5 dBm) to show the impact of power control in order to reflect a normal deployment scenario.  The value of +5 dBm is based on R4-080309 and chosen to represent Power Control SET2 for 95% CDF. See Annex B for power control analysis.  For +5 dBm transmit power we assume the spurious emission follows a worst case 1:1 relationship with transmit power. 
The rationale for this approach is to specify the worst case scenario (maximum transmit power +23 dBm). for the specification but also indicate that in a practical deployment the actual interference would be significantly less due to power control.  Additionally, since for LTE, the power control parameters are under network control, it allows the operator to dynamically maintain the right balance between throughput and co-existence

3.4
Receiver noise floor allowed due to interference emissions 
The power spectral density of thermal noise is about -174 dBm/Hz. Assuming a UE NF of 9dB, the thermal noise is approximately -165dBm/Hz. If we allow a 3dB rise to the noise floor due to interference, interference power spectral densities of up to -165dBm/Hz or -115 dBm/ I00kHz are acceptable, but any higher interference power spectral density is considered interference. In our analysis we use this value of -115 dBm/ I00kHz as the interference criteria.
In TS25.101 the spurious emission are defined in terms of different measurement bandwidths. However, this approach is complex and so we take the concept of a defining a single measurement bandwidth of 100 KHz for our analysis.  This assumes an equal distribution of noise power with measurement bandwidth which is worst case.  
3.5
Channel bandwidth and channel plan
Although the OOB emission will scale with channel bandwidth the spurious emission requirement for the specification shall be bandwidth independent and therefore should not be accounted for in spurious emission limits. 
As a consequence, meeting the specification limits for some operating bands and channel bandwidth would be more difficult and would need some form of mitigation. This mitigation could be in specified in terms of; A-MPR for PHS protection or an asymmetrical UL channel or a restricted transmitted RB configuration 
3.6 
Scheduler control of RB allocation, RB location and RB configured power

Although the OOB emission is a function of the RB allocation, location and power, the spurious emission requirement for the specification shall be RB independent and therefore should not be accounted for in the spurious emission limits 
The use of the scheduler in conjunction with LTE flexible RB configuration provides a significant tool to achieve the specified emission requirements for some operating bands. This could in the form of scheduler control of UL RB assignment (location, number and power). In this case, some further discussion is needed in RAN4 how scheduler benefits can be account in the UE specification in–order not to exclude operation of wider channel bandwidth or disadvantage operating channels which are closest to protected bands/channels. For example this could be co-located protected bands/channels such as parts of Band 1//PHS, Band 13//Public Safety and TDD//2600MHz where the specified spurious emission limits may not be achieved for wider channel bandwidths by other tools such as A-MPR
3.7 
Location of victim UE receiver relative to its own base station 

The interference noise criterion (clause 3.4) is based on a 3 dB rise of the noise floor of the victim receiver. Hence the impact of the interference would when the interfered terminal is operating on the edge of its coverage zone in terms of Rx sensitivity.  In this case the probability of interference is reduced; however this affect is not included in the analysis 
4.
UE to UE interference analysis 

From TR25.942 the minimum separation distance: [5m for outdoor, 1m for indoor]. The approach taken in this document is to present results for a ~1 metre separation criteria that provides a 3 dB noise rise for the scenario in figure 1

In our analysis we validate our methodology based on the following;
· Re-use the same spurious emission limit, as specified in TS25.101, to evaluate the separation distance

· Define a generic requirement of -60 dBm/100KHz to evaluate the separation distance

· Re-use the requirement of ITU-SM329 to evaluate the separation distance and set the minimum requirement for exceptions

4.1 Spurious emission limits based on TS25.101

The purpose of this analysis is to show the UE to UE separation distance based on the default TS25.101 limits using the working assumption parameters. Figure 4-2 below, is a subset of the results presented in Annex C showing the separation distance based on the spurious emission limits derived from TS25.101. This assumes the following spurious emissions limits

· A generic -60dBm/3.84MHz limit
· Re-use of spurious emission limits from legacy specifications (GSM) for the additional requirement
· Re-use of spurious emission limits based on implementation aspects (PHS/UMTS900)

· For band 13/14 analysis is only provide for other Region 2 bands and do not include any additional regulatory requirements i.e. Public Safety  protection 
Some comments

· Results are at max power (23 dBm) and do not take into account power control 

· Results for > 1m separation distance are highlighted in yellow

· -60dBm/3.84 MHz is used as a generic value - may not be appropriate 
· Analyses of allowed exceptions are not included. 

· Separation distance less than 1 metre should be treated with caution since this is near field emissions

· TS25.101 allow greater than 1 metre separation for PHS and UMTS 900 emission. 
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Figure 4.1-1 UE to UE interference analysis based on spurious limits (TS25.101)
4.2 Spurious emission limits proposal for LTE

Figure 4-3 below is a subset of the results presented in Annex D showing the separation distance based on a proposed LTE spurious emission limits. This assumes the following;
· A generic -60dBm/100 KHz limits proposed for all co-located UE to UE operating bands
· An additional requirement based on implementation aspects (PHS), PS safety co-existence

· Results for > 1m separation distance are highlighted in yellow

· Results are presented for max power and 5dBm. 5dBm is derived from 95% CDF for power control set 2 parameter used in previous RAN4 co-existence simulations. 

· Results are also shown for TS25.101 spurious emission limits for comparison
· For band 13/14 FCC [-23dBm/100 KHz] requirements are included in terms of regulatory requirements and do not account for UE to UE co-existence analysis. Feedback from operators would be needed for appropriate specification values similar to the UMTS specification where this is indicated as TBD

Some comments

· Separation distance less than 1 metre should be treated with caution since this is near field emissions

· Results show power control has a large impact on co-existence inline with previous work in R4 

· No exception are included and are FFS
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Figure 4.2-1 UE to UE interference analysis on proposed spurious limits (LTE)

4.3 Spurious emission limits proposal for ITU SM329 limits
The purpose of this analysis is to show the UE to UE separation distance based on the default ITU limits using the working assumption parameters. 
The ITU requirements are in any case mandatory and set the lower bound requirements for any allowed exceptions which can be due to all transmit emission and include both harmonic (band 8) and OOB emission limits . So in this case the ITU analysis is a useful check when using the working assumption parameters for the additional requirement which set to validate the upper bound requirements
The spurious emission limits which are based on ITU SM.329 and specified in TS36.101 are shown below
6.6.3.1
Minimum requirements

The spurious emission limits apply for the frequency ranges that are more than ΔfOOB (MHz) from the edge of the channel bandwidth.
Table 6.6.3.1-1:  Boundary between E-UTRA ΔfOOB and spurious emission domain

	Channel bandwidth 
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	ΔfOOB  (MHz)
	[tbd]
	[tbd]
	10
	15
	20
	25


The spurious emission limits in Table 6.6.3.1-2 apply for all transmitter band configurations (RB) and channel bandwidths.
Table 6.6.3.1-2: Spurious emissions limits 

	Frequency Range
	Maximum Level
	Measurement Bandwidth

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz


Figure 4.-3 below which is a subset of the results showing the separation distance based on ITU emission limits. 

· ITU Generic (-30dBm/1MHz) >>.40dBm/100KHz limit proposed for all co-located UE to UE  bands

· Results for > 1m separation distance are highlighted in yellow

· Results are presented for max power and 5dBm. 5dBm is derived from 95% CDF for power control set 2 parameter used in previous RAN4 co-existence simulations. 
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Figure 4.3-1 UE to UE interference analysis on proposed spurious limits (ITU)

4.
Conclusion 
UE to UE co-existence is a limiting parameter in defining the spurious emission requirements; when operating with wider channel bandwidths (5-20MHz), narrow duplex gaps (700/900/1900/2600 MHz), adjacent duplex modes (FDD/TDD), adjacent technologies (3GPP, 3GPP2, IEEE, IMT, etc) and regulatory conformance (Public Safety/GPS protection, PHS). We note in this case HD-FDD operation does not mitigate this interference scenario 
The Interference due to OOB is a probability function, depending on many parameters. For our analysis we proposed a number of working assumptions for some of the parameters based on previous R4 work, in order to consider the minimum separation distance. To validate our methodology we compared the revised limits with the existing specification defined in TS25.101 and ITU-SM329.  

We believe the proposed spurious emission limits will provide a balance between the minimum requirement as specified by ITU-SM329, and the pseudo deterministic approach taken in this document to address the level of probability for UE to UE co-existence. Having an artificially high probability limit to address worst case combination {minimum separation, maximum power, minimum sensitivity, best case antenna/body losses} would require either RB restriction by the network or UE transmit power/A-MPR considerations 
In order to progress the specification we would like to suggest the following text proposal is captured in TS36.101bis to capture the proposed generic value of -60dBm /100 KHz. It is proposed also that all values are shown brackets to allow time for further analysis by other companies to validate this proposal so the brackets can be removed at the next meeting
In the text proposal a number of band are identified as “Regulatory” where applicable Regional requirement for protection of other services will be needed.  Examples of such protected bands/channels are PHS, CDMA in Japan, and Public safety in the US. In Europe we accept similar protected bands/channels will be identified to support technology neutral concept.   One open issue is the permitted number of exceptions and is left for FFS. 
5.
Text proposal for TS36.801
Text proposal is provided for TS36.101 below
--- Start of text proposal for TS36.101-----
6.6.3.2
Spurious emission band UE co-existence

This clause specifies the requirements for the specified E-UTRA band 
	E-UTRA   Band
	Spurious emission limits

	
	Protection Band
	FDL_low  – FDL_high
	Level
	Bandwidth
	Comment

	
	
	(MHz)
	(dBm)
	(KHz)
	

	1
	1
	2110
	-
	2170
	[-60]
	[100]
	

	
	3
	1805
	-
	1880
	[-60]
	[100]
	

	
	7
	2620
	-
	2690
	[-60]
	[100]
	

	
	8
	925
	-
	960
	[-60]
	[100]
	

	
	9
	1844.9
	-
	1879.9
	[-60]
	[100]
	

	
	11
	1475.9
	-
	1500.9
	[-60]
	[100]
	

	
	38
	2570
	-
	2620
	[-60]
	[100]
	

	
	Regulatory3
	1884.5
	-
	1919.6
	[-45.77]
	[100]
	

	2
	2
	1930
	-
	1990
	[-60]
	[100]
	

	
	4
	2110
	-
	2155
	[-60]
	[100]
	

	
	5
	869
	-
	894
	[-60]
	[100]
	

	
	10
	2110
	-
	2170
	[-60]
	[100]
	

	
	13
	746
	-
	756
	[-60]
	[100]
	

	
	14
	758
	-
	768
	[-60]
	[100]
	

	3
	1
	2110
	-
	2170
	[-60]
	[100]
	

	
	3
	1805
	-
	1880
	[-60]
	[100]
	

	
	7
	2620
	-
	2690
	[-60]
	[100]
	

	
	8
	925
	-
	960
	[-60]
	[100]
	

	
	38
	2570
	-
	2620
	[-60]
	[100]
	

	4
	2
	1930
	-
	1990
	[-60]
	[100]
	

	
	4
	2110
	-
	2155
	[-60]
	[100]
	

	
	5
	869
	-
	894
	[-60]
	[100]
	

	
	10
	2110
	-
	2170
	[-60]
	[100]
	

	
	13
	746
	-
	756
	[-60]
	[100]
	

	
	14
	758
	-
	768
	[-60]
	[100]
	

	5
	2
	1930
	-
	1990
	[-60]
	[100]
	

	
	4
	2110
	-
	2155
	[-60]
	[100]
	

	
	5
	869
	-
	894
	[-60]
	[100]
	

	
	13
	746
	-
	756
	[-60]
	[100]
	

	
	14
	758
	-
	768
	[-60]
	[100]
	

	6
	1
	2110
	-
	2170
	[-60]
	[100]
	

	
	61
	860
	-
	875
	[-47]
	[100]
	

	
	61
	875
	-
	895
	[-60]
	[100]
	

	
	9
	1844.9
	-
	1879.9
	[-60]
	[100]
	

	
	11
	1475.9
	-
	1500.9
	[-60]
	[100]
	

	
	Regulatory3
	1884.5
	-
	1919.6
	[-45.77]
	[100]
	

	7
	1
	2110
	-
	2170
	[-60]
	[100]
	

	
	3
	1805
	-
	1880
	[-60]
	[100]
	

	
	7
	2620
	-
	2690
	[-60]
	[100]
	

	
	8
	925
	-
	960
	[-60]
	[100]
	

	
	381
	2590
	-
	2620
	[-60]
	[100]
	

	8
	1
	2110
	-
	2170
	[-60]
	[100]
	

	
	31
	1805
	-
	1830
	[-60]
	[100]
	

	
	31, 2
	1805
	-
	1830
	[-36]
	[100]
	

	
	31
	1830
	-
	1880
	[-60]
	[100]
	

	
	71
	2640
	-
	2690
	[-60]
	[100]
	

	
	71, 2
	2640
	-
	2690
	[-36]
	[100]
	

	
	8
	925
	-
	960
	[-60]
	[100]
	

	9
	1
	2110
	-
	2170
	[-60]
	[100]
	

	
	61
	860
	-
	895
	[-60]
	[100]
	

	
	9
	1844.9
	-
	1879.9
	[-60]
	[100]
	

	
	11
	1475.9
	-
	1500.9
	[-60]
	[100]
	

	
	Regulatory3
	1884.5
	-
	1919.6
	[-45.77]
	[100]
	

	10
	2
	1930
	-
	1990
	[-60]
	[100]
	

	
	4
	2110
	-
	2155
	[-60]
	[100]
	

	
	5
	869
	-
	894
	[-60]
	[100]
	

	
	10
	2110
	-
	2170
	[-60]
	[100]
	

	
	13
	746
	-
	756
	[-60]
	[100]
	

	
	14
	758
	-
	768
	[-60]
	[100]
	

	11
	1
	2110
	-
	2170
	[-60]
	[100]
	

	
	Regulatory3
	860
	-
	895
	[-60]
	[100]
	

	
	9
	1844.9
	-
	1879.9
	[-60]
	[100]
	

	
	11
	1475.9
	-
	1500.9
	[-60]
	[100]
	

	
	Regulatory3
	1884.5
	-
	1919.6
	[-45.77]
	[100]
	

	13
	2
	1930
	-
	1990
	[-60]
	[100]
	

	
	4
	2110
	-
	2155
	[-60]
	[100]
	

	
	5
	869
	-
	894
	[-60]
	[100]
	

	
	10
	2110
	-
	2170
	[-60]
	[100]
	

	
	13
	746
	-
	756
	[-60]
	[100]
	

	
	14
	758
	-
	768
	[-60]
	[100]
	

	
	Regulatory3
	763
	-
	775
	[-23]
	[100]
	

	14
	2
	1930
	-
	1990
	[-60]
	[100]
	

	
	5
	869
	-
	894
	[-60]
	[100]
	

	
	10
	2110
	-
	2170
	[-60]
	[100]
	

	
	13
	746
	-
	756
	[-60]
	[100]
	

	
	14
	758
	-
	768
	[-60]
	[100]
	

	
	Regulatory3
	763
	-
	775
	[-23]
	[100]
	

	33
	33
	
	-
	
	
	
	

	34
	34
	
	-
	
	
	
	

	35
	35
	
	-
	
	
	
	

	36
	36
	
	-
	
	
	
	

	37
	37
	
	-
	
	
	
	

	38
	38
	
	-
	
	
	
	

	39
	39
	
	-
	
	
	
	

	40
	40
	
	-
	
	
	
	

	
	
	
	
	
	
	
	

	Note 
1 Indicates split band protection requirements are applicable 

2 A number of exceptions are permitted and is FFS. For these exceptions the requirements of Table 6.6.3.1-2 are applicable
3 For band which are identified as “Regulatory”, regional requirement are applicable. To meet these regional requirements some  additional constraints will be needed  in terms of A-MPR or restrictions in in terms of transmitted RB configuration depending on the UL channel bandwidth and deployment scenario 



Annex A
Antenna and body losses
Introduction

The UE is generally a device that is used in close physical proximity to the human “user”. As the human body has distinctive RF absorption and reflection properties it is worthwhile understanding the impact of the proximity to the user of typical antenna and body losses for setting the UE radiated spurious emissions 

We considered the simulated and measured performance for the antenna losses for below 1 GHz (Band 5 & Band 8) and above 1 GHz (Band 2 and 3) for a number of phones and different phone mechanical designs. As the RF properties of the human body are of very low Q, it would be reasonable to allow data in one “low” band to be applicable to the other band, and similarly for the “high” bands 
Simulations:

Results are presented assuming the antenna is optimized for the unwanted Tx spurious emission frequency rather than the wanted Tx signal–so the results presented here are pessimistic when used for spurious emission calculations. Whilst this survey presents specific radiation efficiency values, it should be understood that the UE will be “used” in a great deal of hand grips and proximities to the human body: The hand phantom dielectric properties used and the geometry is shown in the picture below.

[image: image8]
Two far field patterns are shown in the pictures below:
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Conclusions
The averaging of the simulated and measured losses yields the following table are used in the analysis for UE to UE co-existence
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Annex B
Transmit power (Maximum power and Power control)

Simulations:

Impact on power control is captured in R4-80939 and in R4-080435 (E-UTRA work Item RF system scenarios TR 36.942) and is summarised below 

· A Monte Carlo simulation was used to generate a UE TX power cumulative distribution.   The LTE power control scheme that is modeled is
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With the following parameters;.

· Distance between base stations = 750m

· Antennas = 120 deg sectored
· BS antenna height = 30m (15m above rooftop) 
· Ptx_max = +24dBm
· Rmin = -30dB
· Gamma = 1, PLx-ile = 115 (Set 2)
· Gamma = 0.8, PLx-ile = 133 (Set 2)
· Number of trials = 1000
The simulation yielded the following parameters
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Conclusion 
To show impact of power, 23 dBm and 5dBm are used in the analysis for UE to UE co-existence
Annex C 
Spurious emission limits based on TS25.101
Result based on spurious emission limits from TS 25.101 table 6.2.3.  All emission level normalized to 100 KHz/dBm (yellow highlight > 1m separation needed 
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Annex D 
Spurious emission limits proposal for LTE
Result based on spurious emission limits of -60dBm/100KHz. All emission level normalized to 100 KHz/dBm (yellow highlight >1m separation needed). Last column results also shown from 5dBm transmit power. Results also presented for Band 13 and 14 which are needed for Public Safety co-existence as FCC requirement 
[image: image13.png]Operating band Spurious emission Txfreq |Ant + body | others | Hoise input UEdist® | UE dis®
EUTRA [Tx pwr |Band]_FDites - FDLtigh [dBmit00kHz | Mz | B 48 _[100KHzBm | dB |23 dBm (m) | 5Bm (m)
T s 1 FIEFID 0 20 | e 0 T80 570 05 01

% 3 Ta05[1880 B0 [fezs | 18 [ a0 | w70 08 [
BN 26202650 o0 %55 | 18 0 a0 | 70 05 01
BRI 25[a3s 0 En = 0 00| 30 15 02
R EHE B |ews | 0 00| 30 14 02
ER I EEEE o [feeza | 78 0 80| 310 08 01
2 |1 | ftarsafisons B0 [taesa | s 0 80| 310 14 (]
R 2570[2620 0 255 | 8 0 80| 370 07 (]
25 [prs | teadsfisten Ss7r | e | 18 0 i | sz 49 05
7 | = |2 Te0]1950 0 o0 | 18 0 80| 370 0s 01
E ) FIREES B [zims| s 0 80| 370 05 (]
P EEIED B0 [eeis [ @ [ o0 | 350 15 02
2 |10 2t0[2170 o0 240 | s 0 Tea_ | 370 05 01
EREE 745756 0 75 Bl 0 oo | %0 5 05
25 |14 758788 0 76 £l 0 00| %0 18 03
T & 1 FIEEID 0 20 | s 0 80| 570 05 01
ERE] 7305 1880 B0 [feizs | 18 0 80| 310 08 (]
BN 26202650 0 %55 | 8 0 Ten_ | 770 05 01
BRI 25[a3s 0 En = 0 00| 30 15 02
R EHE B |ews | 0 00| 30 14 02
% @ 2570[2620 0 2% | 18 [ 80| 310 2 01
T = |2 Te0]1950 0 Te0 | 18 0 80| 370 0s 01
E ) FIREES B [zims| s 0 80| 370 05 (]
P EEIED B0 [eeis [ @ [ o0 | 350 15 02
2 |10 2t0[2170 o0 240 | s 0 Tea_ | 370 05 01
EREE 745756 0 75 Bl 0 oo | %0 5 05
25 |14 758788 0 76 £l 0 00| %0 18 03
T = |2 Te0]1950 0 Te | e 0 80| 570 0s 01
E ) FIREES B [zims| s 0 80| 370 05 (]
P EEIED P T T [ o0 | 350 15 02
BN 745756 o0 75 Bl 0 o0 | 0 7 05
25 |14 758788 0 76 £l 0 00| %0 18 03
T & 1 r0[zi7e ) 20 | s [ Ten | 70 05 [
5 & s60fers 7 [eers [ = [ 70 | 450 69 08
% 6 a75[ess o0 a5 p) [ P T 15 02
2% s Ta44s[1a799 0 [feeza | 18 [ a0 | a0 [ [
25 [ 1 | tarsafisons 0 [tassa | 18 [ a0 | a0 141 [
25 |prs | issasfisins o0 fa00 | s [ a0 | ar0 ] (]
T s [ 2to[2i70 0 20 | s 0 80| 370 05 01
ERE] 7305 1880 B0 [feizs | 18 0 80| 310 08 (]
% |7 26202650 0 %55 | s 0 80| 370 05 (]
R EHES 0 En = 0 00| 30 15 02
R EHE B |ews | 0 00| 30 14 02
N 250[2620 0 05 | 78 0 80| w10 [ 01
T & |1 PRI 0 20 | e 0 80| 570 05 01
ERE] Ta05 1830 B0 [ter7s | s 0 80| 310 09 (]
ERE 1305 1830 S5 [tetrs | s 0 540 [ 610 | 148 19
ERE 1305 1830 B0 [tet7s | s 0 80| 310 08 (]
ERE Ta30]1880 0 o5 | s 0 80| 310 08 (]
ERE Ta30]1880 0 Tess | s 0 80| 310 08 (]
% |7 26202690 0 %m0 | s 0 80| 310 05 (]
= |7 26402650 0 265 | 8 0 80| 310 05 (]
BN 26402650 =3 65 | 18 0 S0 | 810 | oa 5
BRI e 0 En = 0 00| 30 15 02
R G35 om0 T T [ B00__| 30 T4 02
v [ = |1 FIE I 0 20 |8 O Ten | 770 05 01
F s60fess P 2 [ P T 15 02
% e Ta445[1a798 o [feeza | 18 0 80| 370 09 01
2 |1 | ftarsafisons B0 [taesa | s 0 80| 310 14 (7]
2 [prs | fteadsfisies 0 faon | s 0 Ten | 70 [ 01
W | = |2 Te0]1950 0 o0 | 18 0 80| 370 0s 01
E ) FIREES B [zims| s 0 80| 370 05 (]
P EEIED B0 [eeis [ @ [ o0 | 350 15 02
2 |10 2t0[2170 o0 240 | s 0 Tea_ | 370 05 01
EREE 745756 0 75 T8 0 Ten | w70 25 05
25 |14 758788 0 76 75 0 80| w10 22 03
FYS =R ) o[z ) 20 | s [ Ten | 70 05 [
5 & s60ess o0 [errs [ = [ 00 | 350 15 02
% o Tasas[1a799 0 [teeza | 18 [ a0 | a0 [ [
25 [ 1 | tarsafisons 0 [tassa | 18 [ a0 | a0 141 [
25 |prs | issasfioios 57T | tew | 18 [ a8 | 512 49 05
w5 |2 Te30[180 o0 o0 | 18 0 80| 370 0s 01
E ) FIREES B [zims| s 0 80| 370 05 (]
P EEIED B0 [eeis [ @ [ o0 | 350 15 02
2 |10 2t0[2170 o0 240 | s 0 Tea_ | 370 05 01
EREE 745756 0 75 Bl 0 oo | %0 5 05
ENED 758788 0 76 Bl 0 oo | %0 7 05
5 s 783775 B
w5 |2 Tazn0[1950 0 o0 | e 0 80| 570 05 01
% s EEIED P T T [ o0 | 350 15 02
2 |10 2t0[2170 o0 240 | s 0 Tea_ | 370 05 01
EREE 745756 0 75 Bl 0 oo | %0 5 05
ENED 758788 0 76 Bl 0 oo | %0 7 05
RS 783[775 25








































































































































































































































































































































































































































































































� EMBED Equation.3  ���








[image: image16.wmf]]}

,

max[

,

1

min{

min

max

_

g

÷

÷

ø

ö

ç

ç

è

æ

=

-

ile

x

tx

tx

PL

PL

R

P

P

[image: image17.png]74

Hand Material Properties | 900 MHz | 1800 MHz
Conductivity 067 12
Permittivity 27 21
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