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ABSTRACT

Automatic Link Establishment (ALE) in HF radios allows channel selection between a sender and a
receiver without human intervention. In the absence of a priori knowledge or control information
exchange, the ALE procedure enables the source and the destination to select the best channel for
communication. In practice, the main challenge of ALE resides in finding the best available channel for
communication and as quickly as possible. In this paper, we propose a new generation of ALE mechanism
capable of exploiting the new wideband capabilities being introduced for the different next generation HF
radio proposals, in order to improve automatic link establishment in terms of likelihood and speed for
finding a good quality channel for the transmission.

1.0 INTRODUCTION

HF radio communications have been used duringa$tecentury to provide mostly voice or low-rateadat
communications with none or minimal infrastructokeer short to very long (up to 10000km) distandee T
initial main focus was and remained for a long tiomethe communication waveform and its robustniess,
overcome the extreme variability of the HF ionosjhpropagation channel. However, due to the gfisor
knowledge of the channel conditions, as well as/émging requirements depending on the differentises
(typically voice vs. data), the establishment of litiks was for a long time dependent on the highesk
radio operators who selected manually the bestuémcies to be used. This led unfortunately to the
impression that HF communications were both ofterliable and less efficient than they should when
such skilled operator could be present. The preljocited observations motivated to the developneént
automatic link establishment techniques in the ,8@ith further refinement since, all targetintp ensure
that HF could remain a reliable medium of commutidcaii)to reduce the need for skilled radio operators,
andiii)possibly perform even better thanks to quickerraata procedures.

Currently, two generations of ALE mechanisms doxitein the field, that both try to answer these
demands. Several comparisons between these twadastanexist today in the literatydg[2]. The main
differences can be highlighted as follow:

- the first standard, traditionally denoted as A& is the MIL-STD-188-1413]. The ALE 2G standard is
completely asynchronous. In order to establishranconication with a destination on a particular ctedn
the source transmits for a long duration. This dnaission time is computed in a way to enable the
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destination to scan all the available channelsndutie emitter transmission. Previous studies paueted
out the fact that 2G performs poorly due to itsgistic modulation scheme (8-FSK). Neverthelessenvh
signal to noise ratio is high this limitation hasvlimpact on the observed performance.

- the second standard, traditionally referred télas 3G is the STANAG 45384]. The ALE 3G introduces
synchronization between different ALE stations. @ese all stations are synchronized to listen asémee
time to the same channel, an emitting station knatngmet over which channel it can reach its receiver.
This procedure yields a faster ALE than the seagemeration. More practically, such features male th
ALE 3G more suitable for small messages exchangef@nhighly loaded networks (close to saturation
limit).

The emergence of new solutions for high data naesmission§s][6] is leading the HF community to
reconsider those existing mechanisms in order ke tato account 1) the ever-existing requirememt fo
improving link establishment and 2) the fact thatleband channels cannot be selected by the existing
narrow band procedures. In particular, concerrimgimprovement of the link establishment procedilre,
increasing variety of modulations, from analog ighhefficiency digital ones, lead to the necessitpetter
estimating the channel propagation conditions,r@ento correctly estimate the performance thesbfit
waveforms can offer.

In this paper, we propose a new generation of Aldehmanism capable of exploiting the new wideband
capabilities being introduced for the different ngeneration HF radio proposals, and that expliteband
listening and transmitting capacities. In that aspthe proposed ALE goes beyond proposal madié] in
which is only capable of 24 kHz contiguous analyaisd which does not offer an acceleration capgbili
with respect to existing 3G ALE procedure. Thamkthe wideband capability, it becomes possible aiean
use of particular potential usually exploited ie ttognitive radio domain, such as adapting thestngssion
and the reception band dynamically as well as sgndifferent channels in order to characterizerthei
availability. Our solution is not only promiseddtfer better performance in terms of delays andubhput
but also ensures backward compatibility with tod®G or 3G standards.

2.0 WIDEBAND ALE MECHANISM
2.1 Rationale behind the ALE 4G mechanism

Lots of work has been done since the 80’s anditsieversion of ALE 2G mechanism to improve autdmat
link set-up, whether at the modulation level, wifih introduction of new modulations, both more sitand
easier to be detected with less false alarm ratat, the protocol level, with both the synchronmexhanism
used in ALE 3G to improve the set-up time and thk [Quality Assessment (LQA) usage to increase the
probability to select quickly good channels. Yat end-users regularly indicate their wish to haeetter
ALE process capable to integrate in a standardipaginer (meaning interoperable) the most recent
evolutions or suggestions presented by the sdientis

In particular, the following requirements appessidble in a future 4G ALE protocol:

- (C1) a better estimation of the ionosphere condti@llowing to perform more efficient short term
prediction based not only on monthly averaged wwld#ese refined estimations will allow to
forecast the operational Maximal Usable FrequemMdyK) and consequently to define the best
frequencies, typically through total electron comtéTEC) estimation sensors relying on GPS
transmission§8]-annex 28],

- (C2) a capability to listen to several channelgdrallel, in order to overcome the main drawbanks i
the STANAG 4538 3GALE system, namely the potentimlihg link establishment time and the risk
of calling collisions in a network with heavy triaffoad[9],
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- (C3) an evolution of the Automatic Link Maintenan@¢-M) mechanism coupled to the ALE one
in order to anticipate the failure of a link befateactually failg[10], and consequently to avoid
needing to redo the full ALE process in the midolea transmission when said transmission was
long/varying enough to see an evolution of the obhpropagation conditions,

- (C4) a better quality of service management in otr@eonsider the increasing differences between
the different services offered over the HF linknfrlow latency to high latency ones, and from very
low BER (e.g. data) to robust to errors services (@ice),

- (C5) obtaining as an output not only a frequencypéoused, but a set of frequencies, whether
contiguous for usage with a waveform such as thealed WBHF (MIL STD 188-110C-D), or
non-contiguous for usage with a waveform such a&s dh-called HFXL (under proposal for
evolution of STANAG 4539).

Obviously, it is also desirable that such a new AfnEchanism operates for a maximum of existing
waveforms and in particular the new wideband comioations solutions arising][6], namely for
waveforms operating up to 24 kHz and 200 kHz ofdbdn particular, it appears of interest to enghee
cohabitation of narrow band users with widebandspaad as to investigate the feasibility of a madm
that could be at least compatible with legacy (2/&kHz only) equipment.

2.2 Description of the ALE 4G mechanism steps

In the following, in conformance with the objecti{@5) given in section 2.1 of proposing an algaonith
compatible with the different new wideband solusiqr6 kHz) currently under discussions within thie H
community, we define wideband as going beyond rididittonal 3 kHz bands in the listening phase. éufje
with a larger listening band, it becomes possiblantalyse several channels simultaneously, andtthus
establish a faster and more efficient ALE mechanidm the sending phase, our ALE proposal
adapts/exploits capabilities from the cognitiveisadbmain to bond multiple possibly disjoint 3 kHands
based on the quality estimation obtained duringlhtie handshake.

The overall procedure can be described in theviatlg 3 phases, and is synthetized in the flow chart
presented in Figure 1:

1- Offline channel estimation. Based on the destinagach station determines the channel that is
most likely to have the best quality.

The capability to predict on demand a list of &tnnels per destination already exist in someyatod
implementations. This list can be established basepredefined knowledge (such as atmosphere and
propagation properties) as well as history inforamatind previous communications with other stations
(incl. LQA). This should also be reinforced by ugsiany information available on the propagation
channel. In particular, knowing that the best dqudtiequencies in terms of signal to noise ratibliR®

are generally the higher frequencies availableofbelhe MUF), we will consider the promising
technique of estimating MUF through estimation leé tritical frequency (foF2) taking into account
guasi real-time ionosphere characteristics via Te@suremen{d 1] (constraint (C1)).

2- Backward compatibility phase: link initiation.

As already mentioned, the proposed approach gesmsftackward compatibility with a legacy ALE
procedure. For this reason the first part of thedshake will be conducted in narrowband similaoly t
2G and 3G link establishment. It is to be noted #saboth ALE 2G and ALE 3G procedures are not
interoperable, a choice has to be done. In thevitlg (see section 2.3), we present the possisldtse
when going either with asynchronous ALE 2G or syachus ALE 3G. Within this phase, it is foreseen
to have 4G capable station to indicate so, via iipemessages, for instance with ALE “CMD”
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messages in ALE 2G. Thanks to this message, thentitiing station will be able to determine whether
or not the called station is capable/willing to sue in 4G. If not, the emitter will decide either t
continue with the traditional procedure or to siyjnpbort (e.g. if the service desired is not achieva
with low data-rate). Interestingly, as will be dietd in Section 2.3, this backward compatible pheese
also be enhanced thanks to wideband capabilitiesidehand receivers and emitters can operate on

several frequencies at the same time.
frequencies

HELLO
+Wideband capacity,
idenfication

Operation without
signalling
Callericalled
cooperation
%]
; Caller signalling
¥
‘ Called signalling

Called wideband
=T

Answer : no Answer :
wideband capacitys / ‘Wideband link’

o < Wideband >
¥ mandatory k> no

End :no
confirm

Is quality
< i with>

desired Qos?

yes

‘Number of trial

exceeded ? yes
AN

R Best (stored),
Selecta new conﬁguranon» \\\\
central frequency, acceptable 7 yes [ oue

no Ly
“configuration,

ink establishment
failed
Link established

Figure 1 — Flow diagram for wideband ALE process.

3- Channel selection and capacity estimation: decisiofiequencies to use.

During this third phase, whose output will be adddtequencies following the requirement expressed
the previous section, the transmitting and recgigtations communicate in wideband over a dedicated
band (typically of 200 kHz). The choice of this Hamsults from the two previous phases: prediction
and information shared during the narrow band cdilmlpahandshake, as well as the quality of service
expected for the services desired, in accordancertstraint (C4). In order to determine the chastel
exploit in this band (which and the total numbeoyrce and destination characterize the qualigaoh

of them with a particular challenge. This challengé allow the emitting station to select a set of
channels within the band in order to meet the delhraterms of QoS.
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2.3

Note that if the procedure fails over the selegtate band (the QoS requirements are not met), anoth
200 kHz band is negotiated and phase 3 is staggd.a

Furthermore, since the process resulting in thecteh of a plurality of frequencies, in particularthe
non-contiguous frequencies case, it will be possiblcombine it with the link management procedure.
This can be done in order to detect before theityuzll service requirements are not met anymore the
degradation of one or several frequencies suffigien time to re-launch only a part of the ALE
process, answering then to constraint (C3).

lllustration of the interest of wideband radiocapabilities and ALE 4G procedure

The procedure proposed in previous section is taieno ensure that one obtains the desired set of
frequencies to be used with a wideband modulatiod,as such requires from both caller and calkgtbas

a wideband capability. Interestingly, it must béediothat by configuration one can envisage to nitakerk
whether for wideband contiguous or not contiguousveforms, as well as with asynchronous or
synchronous phase 2. This is illustrated in thieWdhg (sections 2.3.1 and 2.3.2).

It is also worth noting that even during the natrend phase, the wideband capability can be usedier
to accelerate the process, both in synchronouasyrthronous modes, as illustrated also hereafter.

2.3.

1  With asynchronous mode

Figure 2 and Figure 3 illustrate (with 200kHz framd) respectively the interest of being able amgmit
and receive respectively over several channelseasame time. Obviously, this capability allowsatswer
to constraint (C2) and to increase the probalititgletect quickly a free frequency.

A W
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Figure 2: lllustration of the possible improvement of wideband ALE phase 2 with parallel wideband emis  sion

(asynchronous mode).

STO-MP-IST-123 5-12

UNCLASSIFIED/UNLIMITED — RELEASABLE
TO PFP NATIONS



Sal

Empowering HF systems with cognitive wideband radio capabilities organization
Caller Called

Calling f;

Calling f

Calling f.

D 00ZP- ~—2i4 07—

W/
i

Figure 3: lllustration of the wideband ALE phase 2, with backward compatibility with an existing async hronous
ALE (asynchronous mode).

The combination of both capabilities, correspondmdraving actually both a wideband caller andechll
station is presented in Figure 4. It is shown tlespite receiving in wideband, the receiver isiaripobliged

to scan different bands, as it cannot predict aclvam which sub-band of 200 kHz it will be call&dich a
receiver will consequently be able to pass thd sman set quicker (due to the fact that it shd@dable to
listen to several frequencies at the same timé)naiinstantaneously. Interestingly enough howeaed in
line with the spirit of constraint (C2), furtherigaan be expected if one is able to listen oveevan wider
band. This is what we will call very wideband ret@p, and which is expected to work over up to 1 or
2 MHz. In several configurations, in particulartactical configurations where the usable frequeneie
mostly within such a range, the system will thenaide to work while remaining on the same band,
increasing greatly the response time, as illustraté-igure 5.
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Figure 4: lllustration of the wideband ALE phase 2 including the wideband emission acceleration, with backward
compatibility with an existing asynchronous ALE (as ynchronous mode).
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Figure 5: lllustration of the wideband ALE phase 2 including the wideband emission acceleration, with backward
compatibility with an existing asynchronous ALE in the case of a very wideband receiver (asynchronous mode).

2.3.2  With synchronous mode

In the case of synchronous ALE such as ALE 3Ggthe that can be obtained with wideband stratagies
slightly different. As a matter of fact, considerithat one wants to keep interoperability with txglegacy
radios, the scan pattern must be respected, oeviegacy receiver would not be able to ope&iii.
supposing that the called station is widebandedomes possible to improve the performance byngalli
over several frequencies at the same time, induthie “current” one (meaning the one as requirethby
scan pattern). Interestingly, in the case wheretineent frequency is already occupied and conselyusot
usable, one could also decide to call on anotlegjuincy even if the caller station is only narrcamd
capable, as illustrated in Figure 6.

Caller Called

2 00Z— >

pueqopua ur Buisry

Figure 6: lllustration of the wideband ALE phase 2, with backward compatibility with an existing async hronous
ALE (synchronous mode).

Finally, as also considered in the asynchronous,dae mechanism can be more powerful if the caler
wideband capable and the receiver is very wideloapdble, as illustrated in Figure 7.
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Figure 7: lllustration of the wideband ALE phase 2 including the wideband emission acceleration, with backward
compatibility with an existing asynchronous ALE in the case of a very wideband receiver (synchronous m ode).

2.4  Feasibility of such a wideband ALE

The procedure presented in this section 2 meetsliffegent design constraints introduced in sec8dn
However, it is important to underline that it isw@novative and demanding both in terms of RF digdal
capabilities: the equipment shall have a widebandeyen a very wideband) front-end going much &irth
than the standard existing ones that are mainly&kdiz wide, and must embark sufficient digitallC®
allow performing parallel treatments over seveharmels.

As stated 9], a multitude of SDR units exist now on the nerkhat have such capabilities, and it was
already proven bf12] that wideband 200 kHz emissions and receptiver a plurality (n=15) of channels
was feasible with HFXL prototype. Nevertheless, prepose to further detail in section 3 the evohgio
made to the HFXL prototype to prove that such waateband very wideband designs are realistic.

3.0 FIRST RESULTS AND DISCUSSION

3.1 Test bench settings

As stated in section 2.4, the objective of the bestch is to prove the feasibily first of a mukipdarallel
reception and second of wideband and very widektmategies. It will also help illustrate the cafibio
compare different channels and estimate their tyuialiorder to meet the desired QoS, as per remeint
(C4).

To reach this goal, we propose to demonstrateapeatty to listen to a plurality of channels disseted
over several 100 kHz simultaneously. For practieabons, as we need to demonstrate a receptioaitgapa
wider than the emission capacity, we will be uding different emitters to transmit different setoafiriers
sufficiently separated from each other. As illustdain Figure 8, we consider a reception bahd 200kHz
centered around central frequency fc, and the tmitter, each respectively centered around central
frequency f1 and 2, and emitting over an emisbiandAfl= Af2 = 200kHz. The receiver both in wideband
(200kHz) and very wideband (>200kHz) modes corfishe HFXL prototype including the RENUMXL
card, and the double emitter is composed of twovéisal Software Radio Peripheral (USRP N210) from
Ettus Research US as shown in Figure 8.
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Wide Band
Test-bench centered on F1
synopsis

HF XL Prototype

Pictures of
test-bench
practical

realisation

Figure 8: Practical implementation with HF XL testb ~ ench.

The test-bench has been used in several confignsain particular we have been testing the trassion of

10 different carriers spread over théband centered at fc=6.9MHz at the same time. &luasriers are
divided into two sets of 5 carriers, each spreaat their 200 kHz transmission band and consistedF{L
waveform superframes which are an extension of SABM539 definition (sef6]). The different carriers
are sent with various delay to represent randoresacto channel in an asynchronous mode: each fregue
in a set is delayed of 1 sec with respect to theratnes in its set f1i,i=1..5 (resp. f2i,i=1..Bdahe two sets
are not synchronized. Furthermore, an additiondugeation has been added at the reception sideltirg
from previous spectrum sensing measurement camiadgse acquisition also centered around 6.9 MHz),
and each time at least one of the emitted frequaasybeen purposedly placed in a very noisy paittef
spectrum, to verify that one would not receiveadt yery degraded). Beside allowing to improve the
representativity of the test-bend experiment, tiesgnce of this variable real noise allows to obdferent
channel qualities for the different carriers, asdsach to demonstrate the channel quality estimatial
comparison part of the process.

3.2  Preliminary results

In the following we will present two different exjpaentations, the first, or experimentation A, with
Af=500kHz (f1 and f2 being separated by 300 kHmjl dhe second, or experimentation B, with
Af = 800kHz (f1 and f2 being separated by 600 kitzpoth cases, the signal to noise ratio is meddsare
each of the frequencies in the scan set, and tlieoaindidate selected for phase 2 is the one w#h3i¥R.

Figure 9 illustrates the result of noise additioogess performed in the test-bench.
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Addition of real noise within the test-bench
and underlining of the listened frequencies (in blue)
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Figure 9: lllustration of the noise addition proces s (experimentation A).

3.21 Parallel reception

The parallel reception of multiple channels, tlsad wished capability (constraint (C2)) as indidatg9] is
easily achieved with an HF XL system, which in fic realizes non synchronous multi-carriers
demodulations. The wideband parallel reception egdar ALE is a bit different due to the possid@dom
delays on the different channels representingsgiecronous mechanism. For both experimentatioasdA
B, the 10 carriers are demodulated and decodedralg, as illustrated by Figure 10. One seeshen t
interface that nine modulations were recoveredh different constellations obtained, more or lessyn
This, as well as the lost channel, is due to theateannel addition detailed in the test-bench rijesm.

In practice, the system can easily go beyond l8llpacarriers estimation. As a matter of fact, slystem is
even able to demodulate more than 16 channels exs uged in communication mode (§&§.

Figure 10: lllustration of parallel reception proce ss (experimentation B).

3.2.2  Very wideband reception

The very wideband reception principle, i.e. the atdlity to go beyond a reception of 200 kHz, is

demonstrated in Figure 11. This shows the diffefeequency shifts between each of the 10 reception
frequencies and the central frequency fc in the @dsmplementation A. One sees that the two exdrem

frequencies are located at -252kHz and +243kHigiyig a frequency span of 495kHz (foAb= 500kHz)!
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INPUT NODE : 10 Signal INPUT NODE : Spectrum Signal FREQUENCY NODE : Spectrum Signal 'SONDAGE NODE : Noise Level
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Figure 11: lllustration of the different reception channel frequency difference wrt. central frequency
(experimentation A).

3.2.3 Channel quality estimation

Based on the demodulation of each carrier, a signabise ratio can be estimated and a correspgndin
quality can be attributed to the frequency, as lasgthe message carried allowed to confirm that the
challenge (CALL) was indeed transmitted towards ribeeption station. As illustrated in Figure 11 for
experimentation A and in Figure 12 for experimaataB, the ALE phase 2 ranking process allows tecte
the best channel from the different detected ones.
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Figure 12: Channel quality measurement and ranking (experimentation B).

4.0 CONCLUSIONS

A new wideband efficient automatic link establisimnéALE) procedure is proposed in this article.
Structured in three phases, it first employs adioé prediction based on all type of external infation
available (geographical positions and long-terndigt®ns, sensing measurements, previous scanmitig a
link qualities ...) similar to those explored in cige radios; second it performs a backward contyeti
narrow band link establishment procedure, aimingpedping the cohabitation between narrow band and
wideband equipment; and third it realizes a wideldark quality sensing and evaluation, to define ltest
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configuration addressing the service and QoS dksitber for contiguous or non-contiguous waveforms

This new procedure is expected, based on its cegniadio capabilities, to simplify greatly the Kisetup
process that is one of the weaknesses for HF comations hindering its easy use by non-specialist e
users. It is expected that the evolution of prdogspowers and corresponding new capabilities for
wideband radios will allow to implement those tages from infrastructure settings down to portable
radios, allowing HF to keep its important role iflitary communications.

Future works will focus on further defining the pareters of the ALE procedure, in particular throthgn
simulation of the complete procedure and its coraparwith existing ALE 2G or ALE 3G protocols.
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