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ABSTRACT There has been much recent interest in OFDM as the mod-

This paper discusses some of the issues associated witiation of choice for these lower frequencies. This has been
broadband wireless access particularly directed at the Nighlighted by several industrial groups attempting to stan-

non Line-of-Sight (nLoS) paths necessary for large SCa|edardise on air interfaces each including a.version of OFDM.
deployment of Point to Multipoint networks. The paper There_: are at least seven standards bodies and many other
discusses the modulation choices that can be made androPrietary systems being developed.- _

how they affect the deployability of the systems. The au- 1 he operator has a bewildering chmce to mqke. This pa-
thor recommends the use of Orthogonal Frequency Divi- P€r attempts to provide some technical foundation to enable
sion Multiplex (OFDM). Proprietary and competing sys- an operator to evaluate equipment suppliers offerings.

tems have held back the promise of wireless access sys-

tems, as they become more complex providing greater 1l USERREQUIREMENTS AND WIRELESS SOLUTIONS
bandwidths and services, success will only be achieved

o Including compressed voice th&veragedata require-
by standardisation. 9 P g q

ments of Small to Medium Enterprises (SME) are in the
range of 32 kbps and 2 Mbps during the busy hour, while res-
idential average data requirements are in the range 1-5kbps
Mr Blair has set universal internet access by 2005 asvith burst rate requirements of 256 kbps or greater. Clearly
government priority, and is considering making universal agith the explosion of the internet and increased telephony
cess to broadband services a pledge in the Labour manifegéage rates these numbers are going to increase, at the same
There has been enormous interest in Broadband Fixigde improvements in compression will attempt to slow that
Wireless Access (BFWA) as a convenient method of provithcrease. Many access systems attempt to combine the re-
ing access to properties where there is a competitive intersitements of many users as close to the access point as
to provide service or where the user is not served by a Digbssible in order to improve the trunking efficiency of the
tal Subscriber Line (DSL) or cable. Initially operators havgroadband pipes. This leads to combined data requirements
favoured Local Multipoint Distribution System (LMDS) fre-in the region of 10 Mbps and an allowable contention be-
guencies where equipment has been available to providkeen users. This may be used to feed up to 100 small to
wide bandwidth connections to large businesses accessibélium businesses or many thousands of residential users.
at short range from a Point of Presence (PoP). Technology key requirement in systems which combine many cus-
is now becoming available which utilises lower frequencigsmers and services into one pipe, which is maintained at
and which provides wide data bandwidths at lower cost tharhigh level of usage, is the implementation of Quality of
the LMDS equipments. At these frequencies (2.5-6 GHgprvice (QoS) policies. They must use standard Internet
path budgets can be created that enable longer distancegpATM mechanisms to advance priority packets ahead of
eration and also nLoS operation. unimportant packets. Some important packets only have a
Equipment manufacturers are providing a large rangelifiited useful life and these must be discarded when they
equipments to choose from, some of which are based updmge exceeded their usefulness.
circuit switched model, while others are offering the newer System solutions that provide radio access to meet this
Internet Protocol (IP) and Asynchronous Transfer Moged include the Point to Multipoint (PMP) systems of
(ATM) data model. Some equipments provide nLoS capaviDS and Multi Media Distribution System (MMDS) and
bility while others do not. Some equipments provide a Varesh technologies. Large businesses will often be migrated
riety of deployment options from contiguous cellular covo Point to Point (P-P) systems when individual capacity re-
erage through to high capacity supercells, while others gifirements become too large. These various systems have

| INTRODUCTION

restricted to one mode of operation. different deployment characteristics.
*The author is a founder member and Chief Technical Officer of Pip- LMDS operates in the 20-40 GHz banq giving Line-of-
ingHot Networks Limited Sight (LoS) ranges up to 3km. The radios are normally
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fairly sophisticated and costly to achieve high data rate
while maximising range. 50
Mesh technologies try to get over the LoS problem by ar

ranging each user to be connected to a number of other use§
some of whom will be connected to a PoP. The proposed freg 7o
guencies for mesh operation are 20—40 GHz and since the§ ~
is a need for multiple radios at each user site these must us
relatively unsophisticated modulation schemes and therefo @ -0

poor performance. This performance is acceptable becau _q
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the ranges to be achieved are usually below 500 metres. =

MMDS solutions are attempting to provide longer range: \\@%ﬁﬁ/
and get over the LoS problem by using frequencies of 1.
11 GHz. The rest of this paper will concentrate on solution: y (wavelengihs) 0

x (wavelengths)

for this band.
Figure 1: Spatial channel response by position in two dimen-
I MMDS sOLUTIONS FOREUROPE sions
In this section we will look at MMDS solutions for the
3.5GHz European Spectrum. The UK Radio Authority
loaned a small piece of spectrum at 3.5 GHz to lonica. In 97 //// //
stallation of 60,000 subscribers showed that reliable hig /[[/[(/ /

< o
probability of deployment could be achieved if subscriber o5 / ///////

@

antennas were placed high on the property and 15m heig*gm
basestations were deployed at about 5 km intervals. This fa § Fo3 [/{,
lead to licenses being let for 3.4-3.6 GHz operation throug 02 f// W\
many countries of the worl¥.Since this frequency is really o1
too high for mobile operation it has become the frequency ¢ o
choice and there are ETSI specifications for PMP operatiol  ° |
The EU regulatory authorities have stated that frequencie 5
below 3 GHz should be used for mobile services while fre 10 100
guencies above 3 GHz should be used for fixed services. 15 150
In the US where military use is inhibiting the widescale fme (msec)
deployment of 3.5 GHz product MMDS spectrum has be-
come available at 2.5 GHz. There are also unlicensed bangi9ure 2: Spatial channel response by frequency and time
at 2.4 and 5.7 GHz. Since the BFWA systems will normally
be used for commercial service where guaranteed servi esThe Channel Model
delivery is important the unlicensed bands are not normal
considered important. The 2.5GHz bands have been bun€apacity and range in BFWA PMP can be significantly
dled together by large operators and thus they have relativeijhanced by comparison with mobile systems by the use
large spectrum available even though the spectrum is ofténdirectional antennas at the Customer Premises Equip-
not contiguous. ment (CPE). These antennas are one of the features that en-
In the 3.5 GHz band the spectrum tends to be contigudde modulations giving- 2 bits/sec/Hz/sector and yet allow
and arranged in a duplex pair with the upper frequency usetiaggressive frequency reuse down to as low as 2. Since
for the downlink and the lower frequency for the uplinkthe propagation of signals at 3.5 GHz is significantly attenu-
Typical licensed bandwidths that are available at 3.5 Glted during diffraction, typically the CPE antenna is usually
range from 7-30MHz and use a duplex spacing of eith@ounted at or around roof height.
50 or 100 MHz. The upper frequency is used for the down-Given the use of directional antennas and high CPE, the
stream while the lower frequency is used for the upstreamultipath is usually described by a direct ray plus a number
In each country there is usually more than one operatordfindirect rays which reduce in amplitude with an exponen-
censed. Careful consideration must be given to the ‘near-fial distribution such that there are usually few components
blocking effect of operators in adjacent bands using differehtt exceed 1 ps. Erceg et al. describe their finding4]iR [
base sites.

frequency bin

2My experience is similar to these findings except that when viewed us-
IMost of Europe, Latin America, Middle East and Asia have licensédg wider analysis bandwidths I have found the multipath to separate more
3.5 GHz for Narrow or BFWA into clusters.

4/2 © 2000 The Institute of Electrical Engineers
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The strength of the direct ray is determined by the amount of Table I: Modulation Characteristics

ObS.CUTf':ItIOH of this path and in some pases will be |OW.eI’.th Bibdulation] Transmit | Receive | Interference Multipath | Bandwidth

the indirect raysZ]. Trees are the major source of variation efficiency | sensitivity | resistance | tolerance | efficiency
: : 0dB -8dB -8dB poor poor

of phase and amplitude of each of these paths since they 0dB 3dB 2dB medium | medium

normally taller than houses and become the main non fixeghwm -10dB  |o0dB 0dB poor good

obstruction. The combination of these components leads €@MA -10dB | 0dB +2dB good medium

channel fading often described in shorthand by the Ricedf™ 11298 [0dB +4dB very good | good

model with some K-factor. In the case of highly obscured

channels this K-factor can be as low as zero. The variatiorgj.lr},I but since Viterbi presented a method for efficiently de-

the C((;mlp?nenti_thha:]passt;[hr%ug_z ttr:e(?s Cin tz)zdgscn_bz ol@&g convolutional codes these have been used effectively,
a modulafion which has a bandwidth of up o 2 Rz IN WINGY, 1 atimes in combination with Block codes such as Reed-
conditions and much less in quiet conditiofisgure 1gives olomon. Turbo codes offer an improved performance over

a \ﬂev;/hof[ a chan'netlhwnh h[[gr: zxcesg g_ath lo;ShShOW;Eg fore conventional convolutional codes. In the future we will
an1| S ? oceurin b efspa 'a OT]a'n _|gure_thst_ OWS € see Space Time Codes (STC) being provided which promise
channel response by frequency changing with time. even greater capacities.

Shared bitrates in excess of 10 Mb/s are now require hese represent a large number of Physical (PHY) layer

in order to achieve economic deployments. The Qu"J‘OIE)"]!)'s:s;ibiIities on which to design a system. Each one has ad-

ture Amplitude Modulation (QAM) symbol rate may be 3T/antages over the others, some are advantageous in line of

5Msymb/s and_ thus the multipath can often be greater tl@&ht and lower speed lower cost systems while others offer
the symbol period for these nLoS paths. greater reliability when the multipath is great.

Table I shows some of the qualitative merits of some of
these modulations. As you can see there are variations in

Operators are still nervous of the changes taking placetfie performance of each modulation to my chosen headings.
the supply side of their market. They have a need to deplayother important characteristic is sensitivity to self inter-
in Europe in order to keep their license at the same time ttfeyence. Each modulation has a similar sensitivity to inter-
know that products will shortly arrive in the market placference as it does to noise and therefore receive sensitivity
which are standard and offer nLoS deployment. and thus another column is not used.

A deployment approach being taken is to start with su-Both CDMA and OFDM are interesting for MMDS ap-
percells and then migrate to a cellular configuration wheiications. Each modulation can have a symbol length much
the customer take up is large enough. Supercell baseiiager than the modulation making ‘equalisation’ unneces-
tions are typically mounted upon tall masts {00m) and sary. In CDMA the data is modulated onto a direct sequence
have three or more sectors to enable coverage of largecathogonalized by a Walsh code, while in OFDM the data
eas (> 300kn?). As capacity increases the number of sefs modulated onto a set of orthogonal carriers. CDMA can
tors can be increased perhaps to a maximum of 24. As tirerk well in a multipath environment by the optimum com-
number of sectors is increased so the frequency is reubgting of the signals in Rake fingers but the next section will
on the tower. The isolation between sectors using the sashew you that OFDM in combination with powerful error
frequency needs to be of the order of 30 dB. Sophisticat@strection has a rather more sympathetic method of optimis-
antennas are now able to provide this but the basestationiag-the gain in the presence of multipath.
tenna must be high enough for the beams to be clear of any
ground clutter which might cause reflections to appearih OFDM

reused sectors. _ o _ This section highlights the strengths and weaknesses of
Deployment of cellular coverage is very similar to mobilgyepy for the requirements outlined in previous sections.

basestation deployment. Masts heights can be constraifigd oFpM we are considering is one which is heavily coded
by planning requirements which in the UK often requirgsing concatenated convolutional and block codes, since
them to be less than 15 m high. many of the benefits do not apply until there is consider-
able FEC applied across the frequency domain. This has
been successfully applied to television broadcasting where
There are many modulations that have been used in raifiere are more than half a million subscribers to On Digital
access systems. The main ones are Frequency Shift Keliich supplies 27 Mbps on each carrier occupying an 8 MHz
ing (FSK) Minimum Shift Keying (MSK) QAM Code Di- channel using Coded OFDM (COFDM) at 64QANM3code
vision Multiple Access (CDMA) and OFDM. These codesate.
are often backed up with Forward Error Correction (FEC) As can be seen iRigure ], the channel that nLoS BFWA
codes. In the past simple codes have been used such as Hanying to use is complicated by nulls. As the bandwidth

B Deployment

C Modulations and Codes
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Ricean Fading K=0 for Transmit and Receive Diversity

Antenna Comkining Experiment — Signal Amplitude vs Frequency
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Figure 3: Optimum combining of spatially separated OFDV
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of the signal increases so there is a greater chance of a n....
forming within the band of interest. i ) ) i ) )
Typical QAM equalisers are unable to demodulate signﬁ@“re 4: Mean carrier to noise requirements in Rayleigh

that include a deep null in the passband. This is beca@@ing channels with no dispersion for various methods of

equalisers without Decision Feedback (DFE) are trying @/ersity

form an inverse channel response function which will in-

crease the noise level to infinity at the frequency of the null,

in effect they are emphasising the signals which have leasthannels with significant dispersion this is a very useful
accuracy. If the equaliser incorporates a DFE then the sitgehnique which is unsurpassed by most other diversity com-
ation is improved but the assumption for a DFE is that tlwning technigues

error rate is low at the decision point. Since the decisions,:igure4 shows the mean sensitivity requirements for
are made with a raw error rate 055102 then the decision Rayleigh fading channels with various diversity methods.
process causes the equallse_r to ‘expllode’ on the informat greatest requirement shown is for no diversity. Then
received and the errors multiply. Wh'l,e, anullis preser'1t %U,e see that transmit diversity improves the performance by
symbols have the same error probability and thus a ViteB§ 4p tor 99.99% channel availability. Optimum receive di-
decoder is not able to differentiate between them. |0 sitv improves the performance a further 2 dB while trans-
OFDM demodulators of signals which are convolutionally,it and receive diversity improve the performance a further
encoded use soft decision viterbi decoders to down weightyg For reference four way receive diversity combining is
the information in and near the nulls. This is a sympathelfown 1o have a further 1 dB benefit. In a PMP system these
appro.ach to the channel rather than fight.ingthe channgl a?i%rsity methods can be used to great advantage. At the
equaliser does. The consequence of this is that the bit égLestation site it is normal for diversity reception to be em-
rate (bgr) perf_ormance in nLQS F:hanne!s f0|!0WS an expecmgyed, the cost of extra receivers at the basestation is very
law of improving error rate with increasing signal the ber fQi || in comparison to increasing the power output of CPE
QAM with equalisers often has a limit on the performancg, iopment by even 3 dB. In addition basestation transmit di-
obtainable particularly if diversity is not used. versity is a very efficient process in comparison to providing
1) Diversity Even before the diversity combining ofreceive diversity at the CPE. Finally some customers may
signals from two antennas, OFDM exploits the diversity ke in particularly difficult locations and yet they may be par-
multipath by giving a modest gain when the channels aféularly attractive to supply service to, in this case transmit
heavily dispersive. and receive diversity provides an excellent method of gain-
Diversity combining of two spatially separated antennasy 12 dB performance to that site.
in dispersive channels can have a greater gain than the equ“ﬁ:hree criticisms are often leveled at OFDM, power am-

alent process for other FSK and QAM modu]atmﬁsgure 3 epIifier backoff, complexity and phase noise. These are dis-
shows the channel response of two such signals and th ol

. : : e sed in the following paragraphs;
sultant using maximum ratio combining. As can be seen g paragrap

4/4 © 2000 The Institute of Electrical Engineers



Broadband Business and Residential Radio Access October 2000
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2) Power amplifier backoff for OFDM. All broadband ) ) _
systems require a greater backoff than narrowband muftigure 6: Computational complexity of demodulating QAM

channel systems because of the interference requiremeng! f@ifferent data rates equalised for 2 us and 20 us OFDM

other systemsFigure 5shows the intermodulation compoSYymbols
nents for OFDM, they are very similar for QAM modula-

tions. In narrow band multichannel systems one can allow a
couple of guard channels between adjacent operators with-

out Compromising system Capacity much. In broadband Sys]—he Fixed Wireless Access business has been inhibited in
tems the loss of one channel in say three could not be féie past by nearly all companies developing proprietary sys-
erated and thus the solution is to require a greater backgfs. These systems are becoming increasingly complicated
giving the required adjacent channel performance. OFDM also the life cycle is reducing. Many businesses are re-
has a Rayleigh amplitude characteristic the peak to me#iging that the future will be bigger and brighter by using
could be as much as 30 dB however the peaks only hapgtandards. These will enable better systems to be developed
infrequently. With 64QAM modulation the peak to mean i@nd allow operators the choice of supplier. Systems integra-
smaller but the peaks happen very regu|ar|y_ Tests and Stﬁfs will ensure that all of the parts fit tOgether and will often
ulations show that OFDM must be backed off 1.8 dB mof&!Pply financing to the entrepreneurial operator.

than 64QAM wheru takes a value of 0.2 which gives a sim- BFWA is now benefiting from a number of standards ac-
ilar spectral efficiency. This loss is more than made up byities. Only this year three Industry groupings and one

the tolerance to multipath and the ability to use transmit distitutional group have formed to standardise offerings.
versity. All of these industry groupings have OFDM somewhere in

) o ) their charter for the PHY protocol and two of them use

3) Complexity. A second problem highlighted is théyais gyer Cable System Interface Specification (DOCSIS)
complexity of demodulating OFDM. This turns out to be ap, eir Medium Access Control (MAC) protocdl.Stan-
mcorrect assumpuoq for Fhe nL_oS paths k_)ecause the CY¥rds groups include Broadband Wireless Internet Forum
plexity of demodulating dlspe_rswe S|gnall§lggre 6shows (BWIF)?, the Wireless DSL Consortium, the OFDM Forum,
the number of Complex Multiply Accumulations (CMAC) e raccess, Broadband Radio Access Network (BRAN),
per second for a delay spread of 2us and an OFDM SY842.16.3 802.11a and ITUR).
bol length of 2.0 HS. AS. can be seen, f(_)r these settings a (_jat?he industry is fragmented over Broadband Access in the
rate of 20 Mbits/sec gives a substantially lower processipg, o way as it has been for Narrowband Access. There are

requirement. still a number of companies developing equipments outside
4) Phase Noise. The third criticism is the extra phaseany standards arena. The efforts required to achieve a stable

noise requirement for the local oscillators. There is goduct particularly in the MAC area often take many years
improvement required of about 10 dB at frequencies of fenger than anticipated. The breadth of requirements that
1000 kHz due to demodulating the slow data rate and e operator will have are normally wider than one company
multiple copies of the reciprocal mixing components of adjaan achieve. Examples of the breadth include CPE for busi-
Ce:nF carriers. At 35 GHz the required pe_rformance for trans_?’DOCSIS was recently evaluated in comparison to other protocols by
mitting and receiving 256QAM are achievable for a smadjover et al ).

cost increase. 4The PipingHot Networks is a founder member of the BWIF

IV  STANDARDS
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ness through to residential, radio planning, installation, ma&P Point to Point

agement, differing core networks and the need to operategb point of Presence of the internet
multiple frequency bands. It is the author’s view that thj . .
prolifzrationqof dif);erent methods (both standard and prg-'vIE Small to Medium Enterprises
prietary) will continue to inhibit the volume deployment ofTC Space Time Codes

equipment. Manufacturers must get together and settle tl@M Quadrature Amplitude Modulation
differences, the result will be of benefit to all of the industryyos Quality of Service
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FEC Forward Error Correction
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