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Ah嘣：In the selection缸∞,nbmins distributed antenna systonm，exact expressions for the a”即level
crams rate(LCR)and average fade duration(AFD)ofthe ouqmt堍rIaI envelope are derived．The diversity

branches are assumed to be indepemlent but non-identical composite f“Uns channels．The results m valid for

arbitrary diversity order and the amomlt of fadiog，and ave obtained for Rayleigh-lognotmal，Ricean-lognonnal

and Nakagami—lognormal composite础咿．Numerical results validate the derived expressiom．
Key words：distributed antenna a∞％system；eemp∞ite脚崦channel；selectlon diversity；averd罾e level
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分布式天线系统中选择合并的衰落统计分析
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摘要：对于采用选择合并方案的分布式天线系统，当各分集支路经受独立且不等同分布的复合衰落时，分析了系

统合并精出包络的平均电平交叉率和平均囊落持续时间，得到这些二阶统计量的精确表达式该方法对于任意分

采置路数日下的Raylei咖l·伊-l，础—n-】l可唧血和N矗a铲面一k删三种复夸衰落环境均是有效的仿真结果
验证了所得表达式的正确性

关键词：分布式天残系统；复各衰落信遣；选择分橐；平均电平交叉丰；平均衰落持续时间
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0 Introduction

Fo．．de吐*．atlstles。f曲瑚d剥gi芦矗品耐咿证teri-鹏of啪‘咿l￡R mJd AD play intVoKant一惴in血粕印of
wireless eonⅡmunication systems and the analysis of its perforrmnce．For example，the average LCR and AFD provide the

Btotisti∞of burst erl'Ol*，which m of great岫rtant for the des咖of fotedeaver size and mot-correcting codes∽
Closed form expressionsh the average LCR and AFD have only been derived in small scale fading only models，eharactor-

ized by Rayleigh【2l，Pdcean【3J’Nakaga而．m‘”distdimtiom，eto．Tjhung presented LCR and AFD expressions for R町-

lei曲-fognomal(Suzuki)fading，Ricean-fading(础)，and Nakagami—lognormul(NLN)Ⅻ甲0site fodiIls channelst”1．

Re时哪d_幢：2flOfiq社25
F椭—目钿m曲：Tiffs啊^“pmidly。唧。删埽“oIiI-I 863 h面缸(2∞5^A12坫lOl陆呐：LI细C1975．)．蛆k．Ma蛆，Leemr阿，城哟咖曲if蛔岫inelnde eleeua,血cuttmemlt_are end咖删Ir妇妇i_Ⅲ【邮—嵋
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Recently，distributed ontLqtlngt systems(DASs)，have capturedthem州眦l 0fmany researchemwingtothe power
∞d capacity advantages of the DAS‘”．PrGwislJfl researchon DAS have been focused on its g日im due to shortened access—

distance and inherent macroscopic diversity between distributed access pore．There exists，however，no study oil the

ehannol models of dismbuted access systems，especially∞蛾slafistics analysis of diversity techniques in DAS，
which am very iIrlpo血m in the design of tll∞e systems．

The aim of this p8p日is to analyze and evaluate the LCR and AFD甜sc，considering the Suzuki，RLN，and NLN

fading models．

1 System model

In distributed antenna system，￡widely spacins radio ports(RPs)aIe only used to ttmlmnit 8ign山∞the dowulink

and receive sisna】昌∞the uplink and each RP is c0IIlp08ed of Oil anlenna and fiequency-convemion device．All antenIl踞

are separately cormected to the central unit(cu)by m㈣of multiplexing technique．The i础口ociuted with differ-
ent connected remote 8lltCILrl∞are processed using advanced啦pal processiIlg techniques at Cu．It is&ssumed that re—

ceived sisIla】_s suffer fromⅡai删i|lg，and the received s蛔d at the th IIP is

≈(￡)=ri(t)Ⅻ(ql+≠．(t))+n。(z)，i=1，⋯，L (1)

where q is carrierfrequency；／1,。(t)is zero-㈣AWGN plxleess；≠。(t)isthe randomI血ase；and ri(t)is the∞一
ceived sis,1al envelope at any time 1．

In DAS，duetothenatereofl日Igely separatedRPs，h(it)should el”讲珥m明not onlythe鲫舱Ⅱscale鼬Ilgproems
xi(#)but alsothelognormal且}l且aowms process毛(t)，t11日tis ri(‘)=*．(￡)毛(‘)withthe JH)F五，t(*．，s。)D’61．

The PDF of n c∞be obtained by using the血tfon[8，Eq．(6-43)]

^(t)=l。‘．，(rffs∥。)‘(1，＆)蚝‘≥0 (2)

1．1 PDE and CDF of r。

IⅡthe absence ofa line-of-sight(LoS)component，ri is Smuki distributed‘91；when there is a LoS component，

ri
is f㈦distributedt”；when statistical variations of J，(I)are distributed路the general NaIc89aIlli—m
distribution．ri is NLN distributedll“．Both RLN and NLN distributions cover the Suzuki diBtribution∞a spocial

c∞e．Extending from the results of【6】and using the Gauss-Henmite quadrature[11，Eq．(25．4．46)]，a new

uniform expression of probability density Inaction(PDF)for these composite fading distributions c∞be obtained∞

^(^)=∑{面。正(^)／／；)， L兰0 (3)

whereNisthe degree oftheHermite polynomial乩(t)，面listhe“hweishtfactor given by[11，Table 25．10]，

and正(^)forSmuki，RLN，and NLN models a"，respectively

隐e印(一蒜)’ s础

～far,，={％笋唧(一茸一≈笋，11～{2r'～圆皿，l，刚～～蠊唧(．焉)，n兰{ 一¨

wheren．=E[*2”，Ki andffgi arefading parameters ofRLN and NLN，respectively；10(·)isthe zero-order

modified Bessnl Innetion of the first kind，F(·)is the Gamma function；％=lo【姬嘶+^’酬，tl is the l th髓m of

巩(t)，ft．=E[2019(s。)]denotesthe areamefitnpower ofthe signol receivedfromthei山branch，and o；istho

standard deviation of2019(s．)，肚and哦arc bethin dB．

Integrating(3)with L，the CDF of^c∞be derived∞
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R(^)=∑“i，，f(‘)]，6)
1；1

where日(r．)for Suzuki，RLN，and NLN models ale，respectively

一(ri)=

-一唧(一磊)’
·娟(瓜，嚣焉})
P(％毳)m={

Suzuki

R【N

NUq

(4)

where Ql(a，b)is the Marcum’s Q—function[3，Eq．(6．67)]and P(a，b)is the incomplete Gamma function

[11．Eq．(6．5．1)]．The definitions of other parameters alethe SRRleills(3)．

1．2 JPDF of ri and its time derivative

The JPDF of ri and its time derivative，。is required to derive the average LCR and AFD．This can be derived

using the relation[3，Eq．(6，58)]

“(州扎肌。批，I㈢手号k(，，y)dyd，，t>o，一*c¨* (5)

where矗一．(mt．)isthe JPDF ofthe small scalefading envelope anditstime derivative“”，矗．s．(％，l。)isthe
JPDF of the shadowing enveloPO and its time derivativeblt

Extending from the results of reference【6】and using the Gauss-Hermite quadrature，a new'uniform expression
of the JPDF for these composite fading models can be derived“

fRiRi㈠小击砉㈨-“志唧(-剐} ㈤

where矗=(2m。ha．ri)2+6，旌，b=ln(10)／20，五(ri)，以，and矶are the 8mlle蚰(3)；b．is given h／川
r(峨．)2n．， Suzuki

b．={(秭。)2n．，(K+1)， RLN

L(矾)2n．／m．， NLN

where厶isthemaximumDopplerfrequency shift，n。，置，andm。arethe salYle aB(3)；d。is relatedto上according

to以2上，√2l|12，where上isthe 3dB cutofffrequency ofthe power spectral density of colored Gaussian口(t)，

which process cRn be used to generate the lognormal process by means of the nonlinear transform＆(1)=

10呻”^’4][3，Sect．6．I．2]．In general，正is in generM much smaller than厶．In order to simplify the
notation．the symbol‰is introduced for the frequency ratio j。jf—i e．，f：=j。Ix,．
Equation(6)shows that the processes ri(t)and，：(t)are statistically dependent although the smMl scale

fading processes％(t)and t(t)ale statistically independent．

2 Average LCR and AFD of the SC output signal envelope

The average LCR and AFD of the sC output signal envelope．at given level．are given by【2，Eq．(1 3—32)

and Eq．(1．3-41)]
，∞

％(m)=I∥‰(瓣，t)dt (7)
J u

靠(m)=R(m)，％(飒) (8)

where扁(r，，)isthe JPDF ofthe SC output"?ignal envelope，anditstime derivative，，andFR(孵)istheCDF of
r at the specified level m．

A selection diversity combiner picks the input branch with the l”gest instantaneous signal-to-noise ratio．
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Assuming the noise power of the input branches are the 8ar∞．the SC output signal envelope r e；∞fl be written∞

r=max(rl，r2，⋯，～)，anditstime derivative，=，．if_2 max(n，⋯，九)．Definingthe eventZ={-2

max(’l'～。九)}，then{彳l，，如，⋯，以}foam st partition of pmbability space of r．Thus，the JCDF of r and，
can be expressed∞B summation

，时(r，，)=∑Pr(Rs r，府5，，z) (9)

where Pr(R s r，府s，，以)isthe probability ofthe event fR s r，府s，，以}，which Call be expressed舾

Pr(Rs r，矗s，，以)=Pr(R．s，，膏．s，，名。)=Pr(R．5 r．矗．s，。{吗s R．}，．1．．E¨-．)=

肌卜胁。，譬㈠“警油巾·鬯等 ‘10)

Assumingthe L composite fading branches to be mutnally independent，i．e，，{‘，‘j independent of{0，‘}，

V，≠i；and knowing that the composite fading process and its time derivative are statistically dependent，then

(10)call be written a8

哪!r,R“z 2 U。矗．^(叫哆职■‘州讪一 ‘11)

Substituting(11)in(9)yield the JCDF of，and，is

％(叫)=砉[『：』：。^,Ri(n，‘j直■‘n)dnd，i](12)
Differentiating(12)with ttspeet to r and，，the JPDF of r and，for selection diversity is

，m(r,t)=二【^^mr：。屯^m】 (13)

where矗，t；(，，f)is given by(6)and矗(r)is given by(4)．

From(6)，(13)，and(7)，the average LCR ofthe SC output signal envelope can be expressed∞

Nt(90 2引托(㈣；盟瓢(吼)】 (14)

where％(m)∑【(if正(筑)衙)，F】is the average LCR of the signal envelope。f the i th diversity branch，
面f and^(m)arethe s&lne越(3)，矗=(2珥妇。m)2+6；荫，the parametersincludedin毛are given by(6)；

R(册)is the CDF of the signal envelope of the th diversity branch at a specified level毗given by(4)．

By taking into account the independence assumption of^，i=1，⋯，E，the CDF of the SC output signal

envelope is

Fs(r)=Pr(8。s H”，RE s r)=Ⅱh(r) (15)

From(14)．(15)，and(8)，theAFD ofthe SC output signal envelope c￡Lrl be expressed∞

h(m)=]_———』———一 (16)

∑(h(m)，■(帆))。

where％(90 and厅(吼)mthe sme∞(14)．

Using(3)，(4)，(6)，(14)，and(16)，the average LCR and AF'D of the SC output Envelope in Suzuki，

RLN。andNLN compositefading channels canbe obtained．Tothe best ofthe author’s knowledge，these resultsm

new．Forp．2 m=0，Vi=1，2，⋯，￡，the resultsm derived reducetothe expressionsforthe averageLCR and

AFD of SC output envelope in small scale fading only channel models，which&re presented in【12，Eq．(17)·Eq．

(19)]．
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3 Numerical results

1k average LCR and，AFD expressions presented above am computed and plotted in logarithmic scale against

the combined received envelope in decibels．ne simulation results are also plotted．In all figures，the markem

eorrespond to the simulation points and the lines are tIle analytical Cllrve$．

Fig．1 and Fig．3 compalt the average LcR(normalized by厶)for SC with different diversity oldels￡and

no-diversity case L=1．for the Suzuki，NLN fading channels，and RLN fading channel．Fig．2 compares the

normalized AFD for SC with difierout diversity ordcr8 L and no-diversity case L=1 for the Suzuki，NLN fading

channels．All simulation resdts are in excellent agreement with theoretical CUI'V∞．

It canbe observedfrom Fig．1 and Fig．3thai。forbothfading conditions，as a consequence oftheimprovement

ofthe output Bigual with the increase of the number of diversity older$，lower 1evels ale crossed at lower rates

whereas higher levels aro crossed at higher rates．It also call be noted that the presence of a specular component

(K>0)or a decreasing ofthe amount offading(m>1)generally Catl弛S alower LcR and hence，improvesthe

performance of the communication systems．Fig．2 shows that．for both fading conditions，∞a conseqlleIIce of the

improvement ofthe output signalwiththeincrease ofthe numberofdiversity orders，the signal ofSC output hasless

time in fading．

20lg(m岫
Fig 1 Normalized average LCR for SC with diversity orders

￡for the Suzuki andⅢfading clumnels．vfith
p．=5，巩=g，n．=2，啊=2，‘=10

201“巩埘B

Fig．2 Nonnahzad AFD for SC with diversity orders L for

the Suzuki and NLN fading channels，with

m=5。巩=g．皿=2．m。=2，屹=10．

In order to compare the LCRs and AFDs of unbalanced diversity branches lo those of balanced diversity

branches．the unbalaneed for Suzuki channels and unbalanced amount of fading for NLN channels were analyzed

and simulated ns shown in Figure 4，

201d取mB

Fig 3 Normalized aⅧ3F LCR for sc with diversity orderB
L for the RLN fading channels．with

u．=5，t=8，n．=2，丘=4，晚=10

2019(孵ydB

Fig．4 Normalked average LCR for SC with diversity ordcrg L

br the Suzuki and NLN fading channels Pal meam the

balanced channels and unhal．means the

unba【anced ehanneh
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In Figure 4，a situationwith parametersF=[5，5]，口=[8，8]，n=[2，2]∞balanced benchmarkforthe

Suzuki unbalanced channel modelwith口=[4，12]，and set a situation with parameters卢2[5，5]，d=[8，81，

n=[2，2]，m=[1．5，1．5]∞balanced benchmarkfortheNLN unbalanced channelwithm=[0．5，2．5]was

set．It can be seeⅡthat the average LCR of unbalanced diversity signals have a higher crossing rate than balanced

signals at lower levels，and the average LCR8 are about the same at higher levels．Figure 4 also shows that

unbalanced shadowings have a smaller effect on the average LCR than an unbalanced amount of fading of small sea!e

fading only．

4 Conclusion

In this paper，exact analytical expressions for the average level crossing rate and average fade duration of SC

diversity with independent but non-identical composite Suzuki，Rieean—lognormal，and Nakagami—loguormal fading
channels in distributed wireless access systems we”derived and validated by stmulation．The material presented

can he used in analyzing eli'or correcting sehemea for burst elTOr channels and determine the minimttm duration

outages of composite fading channels．
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如 何 学 习 天 线 设 计 

 

天线设计理论晦涩高深，让许多工程师望而却步，然而实际工程或实际工作中在设计天线时却很

少用到这些高深晦涩的理论。实际上，我们只需要懂得最基本的天线和射频基础知识，借助于 HFSS、

CST 软件或者测试仪器就可以设计出工作性能良好的各类天线。 

易迪拓培训(www.edatop.com)专注于微波射频和天线设计人才的培养，推出了一系列天线设计培

训视频课程。我们的视频培训课程，化繁为简，直观易学，可以帮助您快速学习掌握天线设计的真谛，

让天线设计不再难… 

 

HFSS 天线设计培训课程套装 

套装包含 6 门视频课程和 1 本图书，课程从基础讲起，内容由浅入深，

理论介绍和实际操作讲解相结合，全面系统的讲解了 HFSS 天线设计的

全过程。是国内最全面、最专业的 HFSS 天线设计课程，可以帮助你快

速学习掌握如何使用 HFSS 软件进行天线设计，让天线设计不再难… 

课程网址：http://www.edatop.com/peixun/hfss/122.html 

CST 天线设计视频培训课程套装 

套装包含 5 门视频培训课程，由经验丰富的专家授课，旨在帮助您从

零开始，全面系统地学习掌握 CST 微波工作室的功能应用和使用 CST

微波工作室进行天线设计实际过程和具体操作。视频课程，边操作边

讲解，直观易学；购买套装同时赠送 3 个月在线答疑，帮您解答学习

中遇到的问题，让您学习无忧。 

详情浏览：http://www.edatop.com/peixun/cst/127.html  

 

 

13.56MHz NFC/RFID 线圈天线设计培训课程套装 

套装包含 4 门视频培训课程，培训将 13.56MHz 线圈天线设计原理和仿

真设计实践相结合，全面系统地讲解了 13.56MHz 线圈天线的工作原

理、设计方法、设计考量以及使用 HFSS 和 CST 仿真分析线圈天线的

具体操作，同时还介绍了 13.56MHz 线圈天线匹配电路的设计和调试。

通过该套课程的学习，可以帮助您快速学习掌握 13.56MHz 线圈天线及

其匹配电路的原理、设计和调试… 

详情浏览：http://www.edatop.com/peixun/antenna/116.html 
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关于易迪拓培训： 

易迪拓培训(www.edatop.com)由数名来自于研发第一线的资深工程师发起成立，一直致力和专注

于微波、射频、天线设计研发人才的培养；后于 2006 年整合合并微波 EDA 网(www.mweda.com)，

现已发展成为国内最大的微波射频和天线设计人才培养基地，成功推出多套微波射频以及天线设计经

典培训课程和 ADS、HFSS 等专业软件使用培训课程，广受客户好评；并先后与人民邮电出版社、电

子工业出版社合作出版了多本专业图书，帮助数万名工程师提升了专业技术能力。客户遍布中兴通讯、

研通高频、埃威航电、国人通信等多家国内知名公司，以及台湾工业技术研究院、永业科技、全一电

子等多家台湾地区企业。 

 

我们的课程优势： 

※ 成立于 2004 年，10 多年丰富的行业经验 

※ 一直专注于微波射频和天线设计工程师的培养，更了解该行业对人才的要求 

※ 视频课程、既能达到了现场培训的效果，又能免除您舟车劳顿的辛苦，学习工作两不误 

※ 经验丰富的一线资深工程师主讲，结合实际工程案例，直观、实用、易学 

 

联系我们： 

※ 易迪拓培训官网：http://www.edatop.com 

※ 微波 EDA 网：http://www.mweda.com 

※ 官方淘宝店：http://shop36920890.taobao.com 

 

 
 
 
 
 
 
 
 

 

 

 

  




