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Abstract This paper presents a solution to increase the throughput of an HF (High Frequency) physical (PHY) layer in particular to allow for services such as IP over HF. Additionally, this new PHY layer can improve the adaptability of the waveform to the channel variations, in particular to limit the retransmissions due to errors. Taking into consideration the existing HF spectrum occupancy and its high interference level, the proposed “HF XL” approach relies on narrow band (3 kHz) non-contiguous channels bonding. Key words HF transmissions, high data rate, wideband HF communications, IP over HF, adaptive waveform.



INTRODUCTION During the last century, HF waveforms were designed for voice or low-rate data communications, with a focus on the waveform robustness. Besides the obvious importance of communication resilience to ensure that the link is maintained, the main reason for this focus on robustness is the extreme variability of the HF ionospheric propagation channel, which led engineers to design specific mechanisms to cope with strong fadings, other user interference … I.



At the turn of the century however, the need for more efficient transmissions has risen, leading to the definition of more efficient waveforms, in particular the STANAG 4539 [1] whose coded modulations allow to reach up to 9600 b/s in a 3 kHz band. The obvious issue with higher efficiency modulations is the higher signal to noise ratio (SNR) required to operate: the variability of the HF channel does not permit to guarantee such high SNR for long periods. This explains the necessity of defining procedures to regularly adapt the transmission parameters to the variations of the channel, in order to ensure a sufficiently low bit error rate for the applications to operate successfully. The will to maintain backward compatibility with existing equipment led to define the STANAG 5066 [2], a protocol suite able to manage the modems from the higher layers. This standard, as well as the more recent STANAG 4538 [3], have allowed the deployment of battleforce electronic emails, sometimes also called HFEMAIL. The possibility to transmit emails over HF offers a standard interconnection, albeit at limited rate, with wired communication networks but also with higher throughput wireless links such as satellite or V/UHF ones. Nevertheless, those other wireless media have themselves evolved, answering to the new needs that have since appeared, in particular with the rise of Internet Protocol (IP) and with the interconnectivity capability it offers. Two key issues have been identified: the first consists in



increasing the bitrate at the physical layer, and the second in managing successfully the physical layer with respect both to the application and transport layer needs and to the potential variations of the propagation channel. On this last topic, a recent study carried out under the auspices of the European Defence Agency (EDA) showed [4] that standard applications could be used over an IP convergence layer and an adaptive data link layer. On the first topic, studies have long been carried out, since the proof of concept in 2000 [5] and more recently with different standards, whether civilian with the Digital Radio Mondiale [6] or military ones [7][8]. However, concerns have arisen on the practical feasibility of disposing of wider bands on the field. Increasing the used bandwidth in the HF spectrum may not be simple, when taking into account the existing systems in use, existing allocations worldwide… This led to questions on the feasibility of the MIL STD 188-110C appendix D [8] standard on the field. Another proposal was consequently recently made, with the so-called “HF XL” approach. HF XL relies on narrow band (3 kHz) non-contiguous channels bonding, in order to increase the band of the transmission, while selecting only channels where the expected signal to noise ratio is good enough to permit a good transmission. This article presents the rationale beyond the HF XL approach. In Section II is given a short analysis of the HF spectrum occupancy, coupled with circuit establishment probability, that demonstrate the validity of a multiple non-contiguous channel approach for high data rate transmissions. Secondly, in Section III the modem waveform, operating over n channels, is defined and described. Finally, Section IV presents an adaptive usage of said modem, based on channel quality evaluation, together with first field results and Section V draws some conclusions. SPECTRUM OCCUPANCY ISSUE Following the introduction of the MIL STD 188-110C in 2011, questions have risen on the possibility to obtain sufficient band allocations to ensure efficient use of this new waveform. The studies made in Canada [9] present an analysis of the availability of bands of 3, 12 and 24 kHz in August and November 2011, independently of actual frequency allocations. This paper shows, as illustrated by its Table 2, that : II.



free 3 kHz bands are easily found all day long, despite a minimum during the night due to a spectrum congestion peak, free 12 kHz bands and 24 kHz bands are noticeably less available, in particular for the lower part of the HF spectrum, except for a few hours each day. A similar study was carried out in Sweden [10]. Here again is highlighted an almost unavailability for good quality 24 kHz channels, and a limited availability for 12 kHz channels in the lower part of the HF band ([3-12] MHz), which is of primary interest for short and medium range links. Finally, another study was made in France [11], leading to the same conclusions. Furthermore, this last study also proposed an analysis on the availability of noncontiguous 12 kHz or 24 kHz worth of HF spectrum. It shows that 16 non contiguous channels of 3 kHz distributed in a 200 kHz band have an availability similar to the availability of one 12 kHz channel, leading to conclude to a clear advantage of considering noncontiguous channels. Furthermore, the study points out the need to take into account the different back-off constraints on the amplifier when comparing contiguous and non-contiguous configurations. Such a comparison combining the spectrum availability measured with simulated circuit availability on an example link of ~350km is presented in [11]. Two conclusions are drawn in this study: first, as illustrated by Figure 1, the back-off due to the HF XL multi-carrier approach can be entirely compensated by the possibility in the non-contiguous case to consider wider bands, if they are available.



second, that throughputs of 76,8 kb/s can be obtained during the day with a better probability with the noncontiguous configurations than the contiguous ones.



Figure 1 – Comparing the required SNR for different contiguous and noncontiguous configurations. These different studies allow concluding on the obvious interest of considering a waveform able to operate over non-contiguous portions of the spectrum. Such a modem proposal is detailed in Section III. A MULTI-NARROW BAND MODEM Following the trend introduced in MIL STD 188-110 B appendix F, and its straightforward extension proposed by Jorgenson et al. in 2000 [5], we have considered a multiple subcarrier modulation process and a wideband radio (200 kHz). As illustrated by Figure 2, each carrier supports a 3 kHz serial waveform, in such a way to match traditional 3 kHz Single Side Band (SSB) frequency allocations inside the 200 kHz radio band. The unused channels are not selected either because they are not authorized for the considered link or because they are perturbed by interferers. III.



Figure 2 – HF XL multiple carrier principle. The system is based on multichannel modulation patterns called superframes, whose structure is presented in Figure 5. The number of channel used, the position of the channels in the radio band, the elementary channel power level and the type of modulation used on each channel, are variable from one superframe to another. This allows the transmitting radio to optimize throughput of the global system or latency, based on local operational needs, and quality information and/or spectral occupancy monitoring from the other radio(s) that participate to the link. The block diagram of the transmitter is shown in Figure 3. The block diagram of the receiver is shown in Figure 4. Operational constraint time data (CTD) and non-constraint time data (NCTD) flows are combined, coded, interleaved and sent to different individual modulators having different data rates, each attached to a single channel. These modems are combined in a frequency division multiplex and this composite signal modulates the HF radio.
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Figure 3 – HF XL transmitter block diagram. Constrained Time Data
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Figure 4 – HF XL receiver block diagram. ...



TLC/AGC : First part of Initial Synchronization preambble (Nx184 + D symbols ) Second (main) part of Initial Synchronization preamble (287 symbols) Third part (Extended) of Initial Synchronization preamble (124 symbols) Data Block (256 symbols) Long Mini-probe – 32 symbols of a repeated 16 symbol Frank-Heimilerpolyphase code – used for preamble Short Mini-probe – 31 symbols of a repeated 16 symbol FrankHeimiler polyphase code – inserted between 2 data blocks Extended synchronization preamble (91 symbols)



Figure 5 – HF XL frame structure.



ALE waveform



As illustrated by Figure 5, the superframe format has been defined for compatibility with STANAG 4539 [1] and MIL STD 188-110C appendix F “ISB”[8]. It consists of an initial synchronization preamble, followed by 72 frames of alternating data and known symbols. Each data frame consists of a data block consisting of 256 data symbols, followed by a mini-probe consisting of 31 symbols of known data. The preamble consists of three parts: a Transmitter Level Control / Automatic Gain Control (TLC/AGC) sequence, including an optional D symbols sequence to provide offset between channels. the main synchronization preamble, compatible with STANAG 4539 preamble, an extended synchronization preamble, specific to HF XL. This last part, not included when operating according to 4539 or ISB modes, is combined with the main preamble to carry all information necessary to the HF XL waveform, in particular information on modulation choice for each channel. Furthermore, a specific redundancy capability is introduced, that ensures resilience to the loss of a channel as long as the number of channels is greater or equal to 3. In total, as illustrated by Figure 6, the preamble conveys 14 additional bits defined as follows: -



a 4 bits modulation “M” M0M1M2M3 identifying the modulation used on the channel,



a 4 bits code “K” (K0K1K2K3) identifying the number of the channel (from 1 to n), a 4 bits code “X” (X0X1X2X3) that provides, depending on the value of K modulo 3, the forward error correction code used, the employed interleaver and the total number of channel considered. a duplicate of M code (M’3, M’2, M’1, M’0) of the adjacent m+1 modulo n channel, for the redundancy capability, a 14th bit ‘R’ set to 0 when the number of channels is equal or greater than 3. For compatibility reasons, the two first parts of the preamble are identifical to the STANAG 4539 preamble, except for the two tribits defining the modulation and interleaver types. As inspired by the “ISB” approach, the three bits carrying the data rate information are fixed to ‘111’, while the three bits carrying the interleaver settings are used to convey information bits M3,M2,M1 defined above.



Figure 6 – HF XL autobaud fields. Beside the inherent redundancy introduced in the preamble to ensure that one or few channel loss does not result in the loss of the whole superframe, the HF XL multiple carrier signal presents an added robustness when compared to single side band solutions. This is due to the common forward error correction and interleaving process among the n channels, which takes advantage of the frequency diversity, considering both the jamming environment, and the propagation in wideband HF channels as shown by Vogler & Hoffmeyer model [12]. IV.



BITRATE ADAPTATION WITH RESPECT TO THE CHANNELS QUALITIES



PROPOSED PROTOCOL As said before, the HF propagation channel is an error prone, varying channel, experiencing time and frequency selective fading. In order to reach a high throughput, the different propagation channels are closely and individually monitored. This process optimizes the transmission parameters, to ensure the highest data rate for a minimal bit error rate. This is the role of the Dynamic Rate Control (DRC) protocol.



A.



Traditionally, the DRC mechanism is driven by the automatic repeat request (ARQ) function, which does not take advantage of the fine channel characterization, available at the modem level, such as modulation error ratio or channel estimation. Furthermore, this approach is oriented by the single carrier approach employed by existing waveforms, including the recent MIL STD 188-110C appendix D [8]. In the case of the HF XL waveform, the DRC protocol must define the most efficient combination of channels to use, with for each channel the best adapted modulation and the signal power level. This combination is defined by the set of xi , j values ( xi , j = 1 when jth channel uses modulation bit rate d i among the [d i ]i =1..m existing modulation bit rates, ordered forward, and xi , j null otherwise). Denoting Ptot the total power available for the composite signal, and P = [Pi j ]ij==11....mn the matrix of necessary power level for each of the jth observed propagation channels to allow correct transmission using the ith modulation type, the DRC algorithm must solve the following maximization problem: n



m



max ∑∑ xi , j d i j =1 i =1



under constraints C0 of integrity and C1 of total power n



(C 0) : xi , j ∈ {0;1},∑ xi , j = 1 ∀j , (C1) : i =1



n



m



∑∑ x j =1 i =1



i, j



Pi j ≤ Ptot



with Pi j ≤ Pi j +1 and d i > d i +1 ∀i



Taking into consideration the information already present in the HF XL preamble fields, the DRC mechanism only needs to inform the receiver in case of new channel addition to the composite signal, to ensure that the receiver processes the corresponding added channels. This information is transmitted through a technical message, embedded in the data stream, for application in an ulterior superframe. Additionally, filtering mechanisms can be considered, either to present hysteresis between configurations or to filter rapid channel variations. NUMERICAL RESULTS Using the test-bench described in [13], trials have been made with a first implementation of the protocol proposed in Section IV-A. During the trials, configuration update choices were constrained to a maximal bitrate increase of a factor 4.



B.



Figure 7 presents a capture of the reception interface of the test-bed in five different instances of an automatic adaptation test. The following steps are automatically selected by the algorithm to converge at a bitrate of 92 kb/s: step 1: launch of the system with four pre-selected frequencies agreed upon by emitter and receiver. All four channels use QPSK modulation, step 2: after channel evaluation over several frames, the RX side has informed the transmitter of the quality of other channels authorized in the 200 kHz band. Four of those channels have been selected and integrated in the multiple carriers signal using QPSK modulation, step 3: after again evaluation over several frames, six new channels are added to the multiple carriers signal and two channels are attributed a higher data rate modulation: 16QAM, step 4: a last channel is added, several channel modulations are modified, leading to a multiple carrier signal of 15 channels with 64-QAM, 32-QAM and 8-PSK modulations.



Figure 7 – Automatic adaptation for the HF XL waveform: illustration of 4 different steps converging to a 92 kb/s link. CONCLUSIONS A new wideband high data rate HF waveform is proposed in this article. Employing multiple non-contiguous channels evaluated for their quality, and tailoring the power levels and modulations used on each carrier to the actual propagation conditions, the HF XL waveform allows reaching throughputs higher than 100 kb/s, while respecting the existing HF spectrum allocations. Furthermore, the HF XL waveform can be easily adapted to the presence of interferers and is intrinsically resilient to errors. First field trials on the adaptation mechanisms have been presented, based on the test-bed prototype presented in [13]. V.



Future works will focus on further defining the adaptation procedure, and its integration with the automatic link establishment procedure, as well as further validating this procedure in field trials.



ACKNOWLEDGMENT The authors thank their former colleague Sébastien Herry for his work on the modem implementation and their colleague Philippe Crambert for his support and remarks.



REFERENCES [1] STANAG 4539 (Ed. 1), Nato Standardization Agreement: “Technical Standards for Non-hopping HF Communications Waveforms”, (June 2005).



[2] STANAG 5066 (Edition 1), NATO standardization agreement: profile for maritime high frequency (HF) radio data communications, Jan.2004. [3] STANAG 4538, NATO standardization agreement: Technical Standards for an Automatic Radio Control System for HF Communication Links, annexe C, 2005 [4] I. Icart, J.-Y. Bernier, R.Elmostadi, R. Koch, “Design and demonstration of a very high data rate multimedia HF communication system,” IRST’2012, York, UK, 2012. [5] M.B. Jorgenson, R.W. Johson, K.W. Moreland, W.M. Bova and P.F. Jones, “Meeting military requirements for increased data rates at HF”, IEEE Milcom’00, vol.2, pp. 1149-1153, October 2000. [6] “Digital Radio Mondiale (DRM); System Specification”, European Telecommunication Standardisation Institute (ETSI), ES 2019080v010202, (2003). [7] W.N. Furman, E.N. Koski, J.W. Nieto, “Design and System Implications of a Family of Wideband HF Data Waveforms”, NATO Conference IST’2010, Poland, 2010. [8] MIL-STD-188-110C, Military Standard: interoperability and performance standards for data modems, September 2011. [9] D.I. Warner, S. Bantseev and N. Serinken, “Spectral occupancy of fixed and mobile allocations within the High Frequency band”; IRST’2012 conference, York, UK, May 2012. [10] R. Berg, B. Johansson and P. Nagy, « Wideband measurement of HF spectral occupancy in the Baltic region », presented at the HFIA’13 meeting by Swedish Defence Agency, San Diego, USA, January 2013. URL: http://hfindustry.com/ (link visited May 2013). [11] C. Lamy-Bergot, J-B. Chantelouve and C. Leménager,“Spectrum issues for HF wideband communications”, presented at the HFIA meeting by THALES, York, UK, September 2012. URL: http://hfindustry.com/ (link visited May 2013). [12] L.E. Vogler and J.A. Hoffmeyer, “A model for wideband HF propagation channels,” Radio Science, vol. 28, n.6, pp. 1131-1142, November-December 1993. [13] C. Lamy-Bergot, S. Herry, F. Ngo Bui Hung and J-Y. Bernier, “On-air tests results for HF XL wideband modem”, Proc. of Nordic HF’13 conference, Fårö island, Sweden, August 2013.



























des documents recommandant







[image: alt]





Wideband HF transmissions - La page web de Catherine Lamy-Bergot 

both a higher throughput and an improved reliability of data links established over HF channels. ... This preeminence of satellite communications (satcom) is due.










 


[image: alt]





lamy social.pdf - Blog Avocats 

minÃ©e (CDD). Toutefois, en ce qui concerne le contrat Ã  durÃ©e dÃ©terminÃ©e, l'article L. 1221-25 du Code du travail prÃ©cise que, par renvoi Ã  l'article L. 1242-10 ...










 


[image: alt]





Edition tiers - Domaine Hubert Lamy 

16 janv. 2012 - Téléphones et Fax. E mail - Site Internet. RESTVE3. Restaurant LE VERRE GOURMAND. 142,Boulevard de Brou. 01000 BOURG EN BRESSE.










 


[image: alt]





Joint source-channel coding for 4G - La page web de Catherine Lamy 

source coding channel coding channel channel decoding source decoding network adaptation/ transparency. SSI. CSI network adaptation/ transparency. DRI.










 


[image: alt]





Edition tiers - Domaine Hubert Lamy 

16 janv. 2012 - [email protected]. RESTCO3. Restaurant RICHARD COUTANCEAU ... [email protected]. RESTCIB. Restaurant SARL LA ...










 


[image: alt]





congas cd libro laurent lamy dbid o5f 












 


[image: alt]





Catherine d'Auxi 

Page 1. Livret de priÃ¨res de prÃ©dilection. Catherine d'Auxi.










 


[image: alt]





Catherine Veilleux 

BaccalaurÃ©at: Ã‰ducation primaire et prÃ©scolaire Ã  L'UQAH (UQO) 1990-1993 ... chorÃ©graphie, prÃ©sentÃ©e Ã  la Maison de la Culture de Gatineau en mai 2007 et ...










 


[image: alt]





Catherine Nowlan 

Catherine Nowlan. Turlough O' Carolan. Dropped D Tuning n= G o= D p= A q= D. Moderate h = 70. ; 34 c. 1 ! B. #. B. %. BD ! B. %. BD ! B. %. BD. #. B ! B ! B. #. B.










 


[image: alt]





JSLJurisprudence Sociale Lamy 

pert doit permettre au comité d'entreprise de faire, le cas .... pert-comptable, commissionné par le comité d'entreprise pour ..... réseau d'avocats. GESICA.










 


[image: alt]





guillaume lamy discours anatomiques 1675 et explication 

This particular Guillaume Lamy Discours Anatomiques 1675 Et Explication Mecanique Et Physique Des Fonctions. De Lame Sensitive 1677 PDF start with Introduction, Brief Session till the Index/Glossary page, look at the table of content for additional i










 


[image: alt]





MicroscopyAND Microanalysis - Catherine Noiriel 

We compare the characteristics ... ~10â€“63 mm, McCave et al., 1995!, fine and very fine sand ... properties of the various materials forming the specimens.










 


[image: alt]





486 Ste-Catherine - LoopNet 

Â©2019 Cushman & Wakefield. Aucune garantie ou reprÃ©sentation, explicite ou implicite, n'est faite Ã  l'exactitude des informations contenues dans la prÃ©sente et ...










 


[image: alt]





486 Ste-Catherine 

Rue Milton. Rue Durocher. Rue Balmoral. Rue Saint-Urbain oulevard RenÃ©-LÃ©vesque o. Rue Aylmer van. Avenue Viger 0. Rue Mayor. Complexe. Desjardins.










 


[image: alt]





Tournoi Ste Catherine - Benjamines 

DEVERSAIN CHLOE. MARCANT CAMILLE. POITEVIN LOU. LACROIX LUCIE. LEGAL ROMANE. BOVAL LALIE. 100 \000. FECAMP CAPUCINE. DEVIENNE LUCIE. PLAYE ERIKA. CZERNIAK MARION. EL AASRI YASMIN. 100 \000. BOHU IRINE. 100 \000. DEVERSAIN CHLOE. 100 \000. MARCANT CAM










 


[image: alt]





dossier - Catherine Petit 

Et si vous arrivez du Sri Lanka, le choc sera beaucoup plus fort que si vous venez de France. Mais mÃªme dÃ©mÃ©nager dans sa propre ville est dÃ©jÃ  considÃ©rÃ© comme un Ã©vÃ©nement stressant, alors imaginez le fait de changer de pays ! Beaucoup d'im










 


[image: alt]





50 Ste-Catherine 

Erik Langburt. MBA, MCR. Courtier immobilier. Vice-président exécutif. +1 514 841 3818 [email protected]. Corner location with excellent visibility.










 


[image: alt]





Pdf version - Catherine Noiriel 

Mineral precipitation in the pores of a rock may exert a force, which is called crystallization .... of most common minerals (calcite, quartz, gypsum, and halite) and.










 


[image: alt]





Catherine Trigault - Huguenots Picards 

... par quelques descendants de huguenots wallons dans la fondation de la ville de ..... ville il lui fut ordonnÃ© de quitter Lille avant trois heures de l'aprÃ¨s midi !










 


[image: alt]





Présentation Catherine Larouche 

Intégration facile au milieu de travail et à la région (8/13). • Difficultés ressenties. - Rencontrer des gens, se faire des amis. - Déménagement. - Intégration difficile.










 


[image: alt]





my CV.pdf - Catherine Noiriel 

Apr 28, 1978 - ... Pyrenees, Alps, Corsicaâ€¦) Travel (European capitals, Laos, Mongolia, Norwayâ€¦) Photography, pottery, mosaic work, DIY, modern art ...










 


[image: alt]





Petite Anglaise Catherine Sanderson 

Get free access to PDF Petite Anglaise Catherine Sanderson at our Ebook Library ... Sanderson Pdf ? You will be glad to know that right now Petite Anglaise ...










 


[image: alt]





854 Ste-Catherine 

RESTAURANT SPACE FOR LEASE IN PRIME DOWNTOWN LOCATION ... [email protected] ... Superficie disponible | Available space.










 


[image: alt]





Tournoi Ste Catherine - Seniors 

Tournoi Ste Catherine - Seniors. Avion 23/11/2013. Cat. -48. Nb. Judokas : 5. Poule nÂ° 1. SAI NRD PRODHOMME PAULI. SAINGHIN EN MEL. CB. 3/30. 1. 100.










 














×
Report Catherine Lamy





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



