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Closed—loop transmit diVersity systems with hybrid antenna selection

FANG YDng(方 勇)， zHU Yj帅一lin(朱耀麟)
School of Communication and Information En百neering，Shanghai University'Shanghai 200072，P．R．China

Abstract The paper investigate8 closed—loop transmit diversity(CL，rD)syste瑚wjth antenna selection technjque． The
expected received signal．noise-ra上io(RxSNR)of the proDosed systenls i8 analyzed and compaTed with CLTD syste脚． An
algorithm i8 proposed fbr determining the nulnber of increased traIlsmit antennas in terTIls of a reduced RF chaills without

perfbrmance de盯adation．Since a f．eedback channel is bandwidth．1imited，we preseⅡt a method of quantizing transmit—weight
vectors． Simulation result8 demonstra七e advantage of the proposed systeⅡ18 with fhll and quantized feedback information．

QuaIltized feedbad【ha8 less e仃．ect on the proposed syste砌than CLTD systeI璐．

Keywords antenna selection，closed—loop traIlsmit diversity(CI刀D)，quantized feedbauck．

1 Introduction

The neXt generation wireless communication systems

are required to provide high quality voice services as well

as broadband data service8．，工b achieve this goal，a key

technique employed in the emerging wireless systeIns is

transmit diVersity．

T}ansmit diversity svstems can be classified into

open—loop systeⅡ1s and closed—loop systems．The open-

100p transmit diversity sVstemsIl，引，which operate with．

out anv fbedback infbrmation from the mobile．are

known to o丑’er diversity gain． The closed一100p trans—

mit diversity fCLTD)systems【3，引，which operate with

fbedback infbrmation from the mobile．oH．er not onlv

diversity gain but also beamforming gain． These two

transmit diversity systems can provide 8ignificant in．

creases in system capacity and perfbrmance，but they

are both characterized by a relatively higher implemen．

tation complexity than antenna selection diversity．胁
centl y’ there have been some attempts in combining

space-tjme coding systems with antenna selection tech．

nique to reduce the system complexity【5一¨． HOwever，

the combination of space—time coding and antenna se一

1ection does not take fhU advantage of channel state in—

formation fCSll aⅧ．ilable at the transmitter．Murthv俐
and Pan归j proposed to combine CLTD systems wjth

antenna selection，called ASCITD systems for breVity．

Antenna selection and CLTD can share the feedback

channel for CSl which can determine optimum selection

of antennas in addition to optimum transmit—weight Vec—

tor．This approach reduces the implemental complexity
of CI。TD systems in practice while still haVing bene6ts

of multjple antennas．

This paper explores the antenna selection algorithm

fbr closed-loop transmit diversity systenls．The purpose

is to reduce the number of RF chains with the same Der—

formance．The algorithm for determiniⅡg the number of

jncreased antennas is given．Wb present the algo“thm
of quantizing traIlsmit—weight vectors corresponding to

optimal channel vectors． Simulation results veriⅣthe

advamages of ASCLTD systems in both implemental

complexity and performance improvement．

2 Problem statements

Wb consider a wireless link in a auasi—static flat
Rayleigh fading environment with A细antennas and坼
RF chains on the transmitter side and one antenna on

the receiver side．Let，l denote the 1 x A4’channel vec．

tor．Its entries are the fading coemcients hi，which are

modeled as independent samples of complex Gaussian

random variables with a zero mean and variance of 0．5

per dimension．It is assumed that CSI is perfectly avail-

able at the receiver and fhU or partiaUy known at the

transmitter．Fbr CIJTD systenls，trallsmit—weight vector

tl，is calculated at the receiver with CSI．and fed back to

the transmitter．At the transmitter．the data svmb01 is

multiplied by these weight vectors before transmjssjon．

For the antenna selection algorithm，胁(哳<蜥)
trarlsmit antennas are chosen and activated fbr trans．

mission and the other antennas are silent．The selection

criterion has to be determined according to the specific

system． The baseband equivalent model of ASCLTD

systems i8 shown in Fig．1．The received signal may be
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z=何多加s+n
be expressed as

(1)怯盎LT。=加||^pl J2=加∑I九pil2
^知

where风：=E(阡)is the average energ)r of the
underlying signal consteUation， H in the superscript
denotes Hermitian transpose， n is a complex addi—

tive white Gaussian noise for receiVe antenna．tD =

[叫1叫2 ⋯ 叫^卸]H denotes transmit—weight Vector． A
1×．哳channel^口，which is the optimal subset扫∈
{1，2，⋯，P)out of au possible P=c瓣subsets of九，
is used to denote the channel betⅥreell．』L纬chosen trans-

mit antennas a矗d one receive antenna．Tb maintain the
same traI培mit power，we normalize乞ransmit—weight vec-

Mo

tor such that l|tl，||2垒∑f叫。12=1．

Fig．1 System model

Comparing to M diversity C【TD systems， the

(坼，^卿)AsCLTD systems use坼(坼<M)re-
duced RF chains by instauing』哳(^许>』M)increased
tran彻it antennas．Obviously，only using朋rF RF chains
will lead to performance 10ss． Then the value of in_

creased transmit antennas is su伍cient to comDensate

for the loss．The algorithm of determining the value of

坼i8 our concern．T}ansmit一Ⅵ伧ight vectors are calcu-
lated by recei、，er to maximize RxSNR，and are perIodi．

cally f色d back to transmitter through f色edback channel．

However．the bandwidth of feedback channel limits the

precision of these weight vectors． Our task is to quan-

tize these wei曲t vectors and minimize the performance
】oss．

3 Computation of increased transmit

antennas number

For each channelrealization of^p，the SNR at the

receiVer output(RxSNR)is

7AscLTD=(风／Ⅳo)l蟛tt)J2=1D伽H砩叫， (2)

where伽=正1s／D，0 denotes transmit SNR(TxSNR)

and。Rp=^ph导is an^砧×^靠Hermitian matrix．
An optimum tra璐mit．weight vector can be obtained by

右nding t正，which maximizes R．xSNR in(2)． With the

Rayleigh—Ritz theorem【1川，optimum weight vector tI，opt
is a princjpal eigenvector which is associated with ma)【i—

muIn eigenⅦlue of J乙．Thus，the optimum RⅨSNR may

t=l

(3)

where I^pi|2，pi = 1，⋯，』圻， are i．i．d． chi—squared
Variables【1

1 J with probability density function(p．d．f)
giVen by ．

，(z)=，(I^pil2=z)=e一。，

and cumula七ive distribution function(c．d．f．)giVen by

F(z)=P(‰i12≤z)=1一e1 (5)

The channel parameters are random，thus the system

perfbrmance measured by SNR is a random variable．In

such cases，the expected SNR provides the correspond．

i119 measures of average performance of interest in 8uch

systems．Irrespective of the TxSNR，the aⅣerage of o口卜

timal RxSNR has been

MF

设ⅡD=E{馏)／加=∑E胍；h
扛=1

ODtimal antenna subset is chosen to maximize the

instantaneouB SNR．In(6)，the selection algorithm will
choose the transmit antennas among the A幻highest

I^pi 12．we produce a new set of descended variables

x％，后=1，⋯，』L纬f}om I九pil2．．x％is the七th largest
of M-T random variables．Then(6)is rewritten as fol-

10ws：

々蕊LTD=E{xl}．}⋯+E{xM，}．
Then based on[12]，the p．d．f．of xk is

p(。)=c踩【1一F(圳¨1ck一Ⅲ
．，(z)【F(z)】Mt。‘．

(7)

(8)

Therefbre，the aVerage of七th highest statistic X七is

E{‰)=脚c址1∑l(一1)坼“”
圻一％，

r=0

·c‰一七(坼一r)一2]’
and the average of optimal RJ)(SNR has been

MF MT—k

彳‰坍D=∑{坼c锚。∑l(一1)蜥“1

·c‰一t(坼一r)。2])．

(9)

(10)

When坼：坼=M，the syste脚become pure CLTD
systems． The average of its opt{mum RxSNR can be

expressed as fbllows：

M

徭D=∑E{嘲2)i M．
i=1

(11)
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Equation(11)giVes th{e performance measure for

CLTD svstems． This is interest result that tlle aⅣer—

age of optimum RxSNR of CLTD system8 is equal to

its diversity number． Nowadays，we hope to employ a

reduced RF chajns．Wb want to comDute the number
of increased tra璐mit antennas which can compensate

performance loss from a reduced RF chaills． In other

words，we hope

MF(M<MT，

guaranteeing

彳盖斋LTD≥彳詈啬D．7ASCLrrD尹fCu’D‘

4

CombiniⅡg(10)一(13)，the solution is obtained．

(12)

(13)

Quantization of transmit一、Veight Vec—

tors

The feedback channel is

fore traIlsmit—weight Vectors

bandwidth_1imited．there_

must be quantized．There
are twr0 selectio璐in ASCLTD syste脚．One is the se-
kction of optimum trallsmit antenna subset． The坼
11ighest I^pj 12 was chosen行om所trallsmit antennas，
then selection criterion may be expressed as

～=黔慨孵p∈，
(14)

The other is the selection of optiⅡmm quantized

Ⅵ陀ight vector． Grassmannian subspace packing【13—15l

can be used to quantize weight vectors．The Grassman—

nian space 9(M-F，n)is the set of au礼dimellsional sub-

spaces of』‰dimensional space． The Grassmannian
packing is the problem of flnding the best packing of Q
佬．dimeIlsional subspace in^纬dimensional spacej That

i8 to saM we hope to find Q points in 9(坼，n)so that
the minimal distance betⅥreen any七wo of them is as large

as possible． Since we only concern with 9(脚，1)，the
8ubspauces become 1ines such that the angle between any

two of the lines becomes as large as possiblell引． ThlJs

the problem 8implifles down to arranging Q Vectors so

that the magnitude correlation between arly two lines i8

as smaU a8 possible．

Finding good precoder codebool(s行om Grassman—

nian subspace packing f-or arbitrary坼，竹，and Q is ac。
tually quite troublesome．The most f宅asible method for

generatiI培these packiI培s is to use codebooks designed

from the noncoherent space—time modulation desigIls in

【14，151．
The search algoritlun in【14】can be very easily imple．
mented and yields codebool【s with large minimum dis．

tances．The algorithm wDrks by consjdering codebooks

ofthe form

．仃={加DFT，9t正，DFT，⋯，pQ一1加DFT)，

where t‘，DFT is an^玷×1 vector with了岳e‘‘2“7胁’‘
at the七th e11try，the qth co(1ebook is tI，g=pq一1”DFT，
and p is a diagonal matrix giVen by

巩k=e‘(2“／Q)“，七=<1，2，⋯，坼)， (16)

where O≤让＆≤Q一1。
The values for u1，让2，⋯，t正MF are determined in

terIIls ofthe entries ofthe vector t‘=【乱1，“2，⋯，t上MF】T
from the set z={u∈zM9IV七，o≤uk≤Q一1)given
by

t正=arg n1鲁Ⅸ，，早婆婴，d(t正，DFT，日‘t正，DFT)．、一

Z 1≤f≤Q一1、
一。 ‘

(17)

At present，the codebooks of quantized precoder are

available．For each optimum channel vector k，the opti—
mum quantized precoder t￡，g can be ch08en to ma撕mize

the RxSNR．Namely，

加r。∈龄Q，I砖加。12· (18)

Comparing with CITD systems， these quantized

wei曲t Vectors come矗om optimum channel Vector hp，
not from random one．Therefore，the quantized weight

Vector matches employed channel Vector more．

5 Simulations

First simulation is to iUustrate the advantage of

ASCLTD，In Section 3，Ⅵre know that the average

RxSNR of A彳diversity CLTD systems is彳哿In=M．
Fbr(^知，』lZ壬)ASCLTD systems，the average RxSNR

々盖％LTD can be represented as(10)． For Visualiza-
tion，we 8klW performance of ASCI刀D in Fig．2 for

^知=1，⋯，6．Wb flnd that the average RxSNR of a
(5，8)ASCLTD system is equal to 7．1726，greater than

tha七with 7 diversitv CLTD svstems． In other words，

one cheaper transmit antellIla sa№two more expeIlsive
RF chains．This is an appealing characteristjc．

名
Z
∽

蛊
o
∞
盘
。

皇

T啪smit anteTlIIa n岫bcr朋}

(15) Fig．2 AVerage R玉sNR for AscI—TD sy8terIl8
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Due to the merit of ASC【TD，another problem is

whet}把r antenna selection technique can completelv r昏

place closed．100p techⅡique．If^纬=1，the system be-

comes pure transmit antenna selection systeI瑚whose

performance is stlo、Ⅳn in F蛾3． The aVerage RxSNR
with 4 traIlsmit antennas is slightly larger than 2，and

the a、rerageRxSNR with 11 transmit antennas is 81ightly

larger than 3． If the average RxSNR is to exceed 4，

3 1 transIllit antennas are required． Obviously’only by

transmit antenna selection．abundant transmit antennas

aTe a co璐iderable burden and make a皿tenna switch verv

di伍cult．Therefore，it is impractical to entirely depend
on the antenna selection technique．

The second simulation is to comDare RxSNR b争

tween 7 diversity CITD systems and the(5，8)ASC【TD

systenls under fIlU and quantized f．eedback． Channel

realizations are i．i．d．f}om f}ame to f}ame． Simulation

result with 128 channel realizations is shown in F堙．4，
which only displaⅣs 40 realizations for clarity．RxSNR

of the ASCIJTD systems is sometimes higher than that

of CITD svstems，and sometimes 10wer．Ho、)l，ever，a、rer-

age RxSNR of ASC】：TD is slightly higher than that of

CLTD．which is consisteIlt with the theoretic result．At

present，we investigate the e髓ct from quantized feed．
back．Here we adoptⅣ=4 bits to encode Q=16

巨
Z
∽

蒸
＆
芒
。

喜

1hnsmit anten∞n啪ber坼(M'-1)

Fig．3 Average RxSNR for pure tra璐mit antenna selection

：
t +AscLTD-恤2 5，

又A入一从贾}篡
， 1 一一

瓣瓣船
5 10 15 20 25 30 35 40

charulel real协ion b
Fig．4 Performance comparison of 4 systems

quantized transmit一Ⅵ，eight vector【1 6|．Then system per—

formance wiU be degenerated due to quantized fbedback

as shown in Fig．4，where GPS i8 an abbreviation of

Grassmannian 8ubspace packing． Fortunately，RxSNR

of ASCLTD is con5iderably higher than that of CLTD

under auantized f宅edback．

6 Conclusions

In this paper，we combine C工TD systems with an-

tenna selec七ion．An algorithm fbr determining the nuⅡ卜

ber of increased transmit antennas is given in terⅡls of

reduced RF chaills without perf6rmance degradation．

The solution of quantizing transmit—weight vectors is

，presented．Finally碡re sinmlate perfbrmance of ASCl月?D

and CLTD systems under full and quantized feedback．

In some caLse8，one more transmit antenna can get two

RF chains in return in ASCLTD systerns．If we employ

antenna selection as an alternative to CLTD．excessive

transmitting antennas become a considerable obstacle．

Compared to CLTD systems，quantized feedback has

little effect on ASCLTD．Therefbre．ASCLTD svste瑚
with quantized fbedback can save the RF chains，and

lessen the eH．ect f}om quantized feedback asⅥrell．
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专注于微波、射频、天线设计人才的培养 易迪拓培训
网址：http://www.edatop.com  

 

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 

 

 

 



 

 

 

 

 

` 

 
专注于微波、射频、天线设计人才的培养 易迪拓培训
网址：http://www.edatop.com 

 

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 

 

 
 
 
 
 
 
 
 

 

 

 

  


