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Overview • •



Participants to IEEE standardization WLAN’s among wireless systems: – Throughput of WLANs and IEEE802.11 in particular



• •



The PHY layer structure of 802.11 Modulations in IEEE802.11 – Two fundamentally different approaches: Single Carrier and OFDM (Orthogonal Frequency Division Multiplexing)



•



Presentation of basic concepts of OFDM / Single Carrier schemes: – Advantages, trade-offs and differences



•



Example: Complexity of basic 802.11a blocks – Based on a prototype at CRM, Paris



• •



Example: 5 GHz RF frontend of CRM, Paris Conclusion – Important issues in IEEE802.11 – What comes next ? A vision MOTOROLA PROPRIETARY INFORMATION
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La normalisation IEEE La normalisation IEEE:



Voir le site « 802wirelessworld.com » pour 802.11 La participation / droit de vote pour individus (pas l’entreprise // ETRI) Réunions tous les 2 mois, par exemple 2005: - janvier: Monterey, USA - mars: Atlanta, USA - mai: Cairns, Australia - juillet: San Francisco, USA - septembre: Anaheim, USA - novembre: Vancouver, Canada - janvier 2006: Big Island, Hawaii - + F2F meetings



Participants:



En générale des PhD en communication numériques / MAC Souvent très expérimenté A la fois des directeurs de recherche et des chercheurs Majorité: Chercheur des entreprises privées Quelques universitaires (plutôt américain)



Déroulement à l’IEEE:



1) Mise en place d’un « study group » 2) Definition d’un PAR (Project Authorization Request) 3) Definition du « Draft Standard » 4) Letter Ballot phase



Motivation / entreprises:



Discussion



MOTOROLA PROPRIETARY INFORMATION
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Where does IEEE802.11 fit in ? •



IEEE802.11 fits into WLAN section



•



IEEE802.11n will push the WLAN limits…. MOTOROLA PROPRIETARY INFORMATION
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Where does IEEE802.11 fit in ? •



IEEE802.11 – Overview (bitrates, frequency band, etc.) Standard Bit-Rates IEEE802.11 up to 2 Mbps IEEE802.11a up to 54 Mbps IEEE802.11b up to 11 Mbps IEEE802.11g up to 54 Mbps IEEE802.11d Regulatory issues for 2.4 GHz IEEE802.11e IEEE802.11f Assure Interop. Between Access Points IEEE802.11h Regulatory issues for 5 GHz IEEE802.11j 4.9GHz - 5GHz Operation in Japan IEEE802.11k Radio Rsource Management IEEE802.11REVma Standard maintenance IEEE802.11n High Throughput Management IEEE802.11p Wireless Access for Vehicular Environment IEEE802.11r Fast Roaming IEEE802.11s Mesh Networking IEEE802.11t Recommended Practice Wireless Perform. IEEE802.11u Interworking with External Networks IEEE802.11v Wireless Network Management IEEE802.11 ADS SG Advanced Security IEEE802.11 ADF SG Access Point Functionality



MOTOROLA PROPRIETARY INFORMATION



Available Bandwidth per Channel 1 MHz (FHSS), 22 MHz (DSSS) 20 MHz (16.7 MHz used) 22 MHz 22 MHz (to be defined)



Frequency Band 2.400 - 2.483 GHz 5.18 - 5.32 GHz 2.400 - 2.483 GHz 2.400 - 2.483 GHz



20MHz and 40MHz



2.4GHz & 5GHz band
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PHY Layer of 802.11 •



Definition of the PHY layer – The PHY is the interface between the MAC and wireless media, which transmits and receives data frames over a shared wireless media with 3 levels of functionality



•



Physical Layer Convergence Procedure Sublayer (PLCP Sublayer)



MAC - Layer



PLCP Sublayer



– Performs frame exchange between MAC later and PHY layer



•



Physical Medium Dependent Sublayer (PMD Sublayer) – Modulate data for transmission over the media



•



PMD Sublayer



Feedback PHY to MAC – Carrier sense indication in order to verify activity on the media MOTOROLA PROPRIETARY INFORMATION
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Different 802.11 PHY Layers Advantages: -10 dB Coding gain



Direct Sequence Spread Spectrum (DSSS) PHY



-Robustness against Interferers and noise -Robustness against fading -up to 2Mbps (DQPSK) ≈



Advantages:



Frequency Hopping Spread Spectrum (FHSS) PHY Infrared PHY



-low cost, field proven -Robustness against Interferers -up to 2Mbps (GFSK) - up to 2 Mbps, pulse-position modulation (ppm) - 850 – 950nm, diffusive infrared, range approx. 10m - only in-building



MOTOROLA PROPRIETARY INFORMATION
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Channel Attribution •



Orthogonal / Overlapping channels



MOTOROLA PROPRIETARY INFORMATION
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DSSS vs FHSS



MOTOROLA PROPRIETARY INFORMATION
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Different 802.11 PHY Layer Extensions Advantages: - high spectral efficiency



IEEE802.11a OFDM PHY Layer



- Robst against narrowband interferers - Very low Equalization cost - up to 54Mbps (QAM16)



Advantages:



11 MHz



IEEE802.11b High Rate DSSS PHY Layer



-Basic/Extended Rate: 1(2) Mbps by DB(Q)PSK



Select 1 of 64 Complex 2 bits Codes 1:8 Data Multiplexer



2 bits



DQPSK Modulator



- Extended Rate: up to 11Mbps by Comple1.375 MHz mentary Code Keying I Q - Opt.: PBCC (Packet CCK: Modulate 4(8) bits onto 8 chips Bin. Conv. Enc., QPSK) Scrambler



➨ 5.5 (11) Mbps MOTOROLA PROPRIETARY INFORMATION
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Different 802.11 PHY Layer Extensions (II)



IEEE802.11g OFDM 2.4 GHz PHY Layer



IEEE802.11a OFDM PHY Layer



+



IEEE802.11b CCK/PBCC Layer



= 54 Mbits/s @ 2.4GHz



- Mandatory: OFDM, up to 54 Mbps (QAM64) - Optional: PBCC-22 & PBCC-33 (8PSK) - Optional: CCK-OFDM (header: CCK, payload: OFDM)



Further extension of IEEE802.11 IEEE802.11e



- Modifications of MAC in order to assure QoS



IEEE802.11h



- 5 GHz PHY layer modification for regulatory needs (power control, dynamic frequency selection)



IEEE802.11n



- High Throuput extenstion



IEEE802.11p



- Assure interoperability of access points



IEEE802.11s



- Mesh Networking



IEEE802.11 ADS



- A recent spun-off from « e » for security issues



MOTOROLA PROPRIETARY INFORMATION
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Principle OFDM System •



A typical TX/RX chain for OFDM systems



– – – –



Simple Equalization (1 Multiplication per Subcarrier) Inherent Complexity: IFFT/FFT Narrowband fadings affect only few sub-carriers High spectral efficiency



MOTOROLA PROPRIETARY INFORMATION



ENSEIRB 2005 IEEE802.11 introduction



12



Principle Single Carrier System •



A typical TX/RX chain for single carrier systems (WITC) Frequency /Phase Estimation



Channel Estimation



Baseband Chann. Sel 20-tap FIR



DFE Channel Equalizer



DC Offset Removal



S&L Signal Detection/ Acquisition



Phase Rotation NCO



Barker Despreader DBPSK/ DQPSK 5.5, 11 CCK/FHT φ1



φ2 , φ3 , φ4



Signal Detection/ Acquisition



Phi to bits



D e s c r a m b l e r



B-RCV



Timing Est.



Carrier Frequency Offset Est.



– Equalizer usually based on a DFE filter structure where filters must be trained ➨Very complex and slow converging gradient methods – Basic single carrier systems are sensitive to narrowband interferers – Low spectral efficiency MOTOROLA PROPRIETARY INFORMATION
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Example: 802.11a Prototype •



Estimations on the TX side



~ 850 gates (ASIC type)



•



~ 1700 gates ~ 1220 gates (ASIC type) (ASIC type)



~ 1550 gates (ASIC type)



~ 18000 gates (ASIC type)



~ 6500 gates (ASIC type)



Estimations on the RX side



~ 400 gates (ASIC type)



~ 70000 gates (ASIC type)



Deinterl and depunct



Metric calculator



~2500 gates (ASIC type)



~1500 gates (ASIC type)



Transmitter block re-used 70000 gates (ASIC type) to be reduced ~



Synchronization



MOTOROLA PROPRIETARY INFORMATION
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Example: 5 GHz RF -Frontend RF-Frontend



•



Issues – IF frequencies (CRM demonstrator: 931 MHz) – Analog/digital I/Q separation – Frequency offsets MOTOROLA PROPRIETARY INFORMATION
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Conclusion • • • •



Obvious tendency towards OFDM for high throughput WLANs Limited availability of spectra requires spectrally efficient modulations (OFDM) Backwards-Compatibility on PHY level is always an issues for IEEE802.11 Regional regulatory constraints are a serious issue (802.11a supports not dynamic frequency selection which is required in europe, for example)



•



Vision: Limited availability of spectra in 5 GHz band will require dual-frequency WLANs, e.g. 5/60 GHz WLANs in the framework of HotSpots



•



Special Thanks to WITC for their input



MOTOROLA PROPRIETARY INFORMATION
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The Wireless World Application space



60GHz



1000



ANSIBLE 5GHz



Max data rate (Mbps)



100 10



Ubiquitous TV Infotainment Virtual Homes



PAN/LAN Convergence



HIPERLAN/2 802.11a 2.4GHz HIPERLAN/1 802.11b



80x 1



HIPERPAN Video Streaming



802.11



HomeRF



Video data rate



3GPP



Still Imaging Bluetooth



EDGE



High Speed Internet Audio Streaming



GPRS



0,1



HSCD



Text Messaging



0.9-1.8GHz



Voice



0,01 1996



1998



2000 5 years



2002



2006



2008



2010



product date



Local Area WLAN Nomadic MOTOROLA PROPRIETARY INFORMATION



2004



Wide Area Cellular Vehicular



PAN
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