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Status-Quo in Wireless Communications Centre de Recherche de Motorola - Paris



3 distinct spaces exist and should be addressed by standard bodies: – office/home/personal environments First 2 are already covered by WLANs: HIPERLAN/2, WPAN in EU remains! Application space



60GHz



1000



ANSIBLE 5GHz



100 Max data rate (Mbps)



G



G
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PAN/LAN Convergence



Ubiquitous TV Infotainment Virtual Homes



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



80x



1



HIPERPAN Video Streaming



Video data rate



3GPP



HomeRF



802.11



Still Imaging Bluetooth



EDGE



High Speed Internet Audio Streaming



GPRS



0,1



Text Messaging



HSCD



0.9-1.8GHz Voice



0,01 1996
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2000 4 years



2002
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The emerging 5 GHz and above standards Presentation ENIC



Centre de Recherche de Motorola - Paris



IEEE 802



ARIB



ETSI BRAN



USA



Japan



High Speed Wireless Access Europe



IEEE802.11a 5 GHz 6-54 Mbit/s OFDM HIPERLAN/2 5 GHz 6-54 Mbit/s OFDM



?



Wireless Home Link



HIPERLINK European programs Ultra High Speed ACTS: MEDIAN 17 GHz IST: ANSIBLE (?) Wireless LAN 155 Mbit/s



HIPERACCESS ? GHz 25 Mbit/s



25/40/60GHz 30 Mbit/s



60GHz 155Mbits/s



60GHz 155 Mbit/s



5/25/40/60GHz 30-100 Mbit/s



5 GHz Band Mobile Access 5 GHz 6-54 Mbit/s OFDM



Convergence of technology: multicarrier based solutions Page 4



Local area standardization landscape Presentation ENIC
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CELL FREQUENCY ACCESS & DATA BANDWIDTH BAND MODULATION RATE



USER DATA RATE



CELL RADIUS



Former 2.4 GHz Technology (very sensitive to mm-wave pollution i.e. microwave oven) IEEE 802.11



HomeRF



BlueTooth



Wireless LAN Home environment Wireless LAN Home/Office env. Wireless LAN



FHSS (GMSK or FSK) or DSSS (DBPSK or DQPSK) FHSS or hybrid TDMA-CSMA / 2FSK/4-FSK FH-TDD / GFSK



79 channels (hops) of 1MHz: 83.5MHz 79 channels (hops) of 1MHz: 83.5 MHz 23-79 channels (hops) of 22kHz or 1MHz



2.4-2.4835GHz ISM band



1-2 Mbit/s



50m



2.4-2.4835GHz ISM band



1-2 Mbit/s



50m



2.4-2.4835GHz ISM band



sym:432Kbit/s 1 Mbit/s asym:57.6/721Kbit/s voice:64Kbit/s



10m



Emerging 5GHz technology HIPERLAN/1 HIPERLAN/2 IEEE802.11a, 5GHz MMAC



Wireless LAN



CSMA / GMSK or FSK



Wireless LAN Indoor/campus TDD/TDMA / OFDM Limited mobility Wireless fixed Mesh or Point to connections Multipoint HIPERACCESS Residential and TBD SME



30MHz



5.15-5.25 MHz



20 MHz



5.15-5.30 GHz



TBD



around 40GHz



1-24 Mbit/s 6-54 Mbit/s opt.



50m 16Kbit/s-16Mbit/s



25 Mbit/s



60m



3-5km
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HIPERACCESS 25Mbps SERVER



HIPERLANs 6 to 54 Mbps



HomeLink 25 Mbps
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R-LAN Summary at 5 GHz Presentation ENIC
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BRAN/Hiperlan 5.15 - 5.35 Europe



200mW



MMAC 5.15 - 5.25 Japan



BRAN/Hiperlan 5.470 - 5.725



Max mean TX power



50mW



100 MHz U-NII 5.725 -5.825



U-NII 5.15 - 5.35 US



License-exempt 455 MHz



1W



50mW 250mW



Max peak TX power



1W MHz



5100 5200 5300 5400 5500 5600 5700 5800



Unlicensed 300 MHz Regulatory Regulatorydifference: difference: Hiperlan channels, Hiperlan channels,DFS DFS &&TPC required in TPC required in Europe Europetotomeet meet regulations. regulations. U-NII U-NIIimposes imposesonly only power limits power limits Page 7
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Core Network



Core Network



Network Convergence sublayer H/2 DLC



Core Networks: ! Ethernet / IP / PPP ! ATM ! UMTS ! IEEE 1394 ! ...



H/2 PHY
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A typical HIPERLAN/2 Scenario
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Types of Connections G



– Download: Access Point (AP) – Upload: Mobile Terminal (MT) – Direct Link: Mobile Terminal #I



" Mobile Terminal (MT) " Access Point (AP) " Mobile Terminal #j



The Access Point is the Master G



G



– MTs can propose transmission parameters and they can demand a certain data bandwidth, but the final decision is up to the Access Point (AP) – For all types of connections, the resources must be demanded at the Access Point (AP): Upload, Download and Direct Link



Each Connection is identified by the Direct Link Control Connection ID – Between two end points, a connection via LOGICAL CHANNELS is established – There are multiple Direct Link Control Connections (DLCCs) possible for each MT
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Principles of the MAC protocol Presentation ENIC
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Time MAC Frame



MAC Frame



MAC frame Transceiver Turn-around Interval



Downlink Phase



Uplink Phase



Random Access



G



G



G



Frame Control Channel



Centrally controlled TDM/TDMA TDD
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The Frame Preable
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Frame Repartition during the Data Transmission Phase
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Random Access Channel Presentation ENIC
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Random Access Channel
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The whole HIPERLAN/2 MAC - Frame Presentation ENIC



G



Repartition of the whole MAC-Frame



G



Frame Duration
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G



– Fixed to 2 ms



Frame Organization – Detailed in BCH/FCH/ACH
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HIPERLAN/2 versus IEEE802.11a
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HIPERLAN/2: G



G



– – – –



Transmission of small packets Segmentation and Reassembly Means to support QoS Complex DLC protocol



IEEE 802.11a – „Wireless Ethernet“ – Transmission of Ethernet packets – Insufficient means to support QoS – Simple DLC protocol



Publication: A. Hettich, M. Schröther, „IEEE 802.11a and ETSI BRAN HIPERLAN/2: Who will win the race for a high speed wireless LAN standard ?“, European Wireless Conference, Munich, Oct. 1999 Page 16
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Parameter



Chosen modulation scheme: G



G



OFDM Reasons: – Harmonisation with IEEE 802.11a and MMAC – Lower Implementation complexity



Channel spacing (and system clock)



Value 20 MHz



FFT length



64



Number of used subcarriers



52



Number of data carriers



48



Number of pilot carriers



4



Modulation scheme on subcarriers



Various (from BPSK to 16 QAM; optionally 64 QAM)



Demodulation



Coherent



Guard Interval length



800 ns (optionally 400 ns)



Channel Coding



Convolutional Code, constraint length 7



Interleaving



Per OFDM symbol



Data rates from 6 to 36 Mbit/s (optionally 54 Mbits/s) on top of the Phy layer Page 17
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Carrier Repartition G



D0,n



D4,n D5,n



D17,n D18,n



D23,n D24,n



D29,nD30,n



D42,n D43,n D47,n



DC



G



-26



-21



-7



0



7



21



26



Spectrum Mask dBc



0 dBc



-20 dBc -28 dBc



- 40 dBc -30



-20



-11



-9



0



9



11



20 30 frequency offset [MHz]
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The Emission Scheme (Short Guard Interval, QAM-64):
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Data Scrambler: Random Energy Distribution G



PDU train in Initialization sequence



11 1



n4n3 n2n1



X7X6 X5



X4X3 X2X1



G



Scrambled PDU train out



Convolutional Encoder (After Tail-Bit Insertion) Output data X



Input data



Tb



Tb



Tb



Tb



Tb



Tb



Output data Y
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Puncturing: Remove Bits after Convolutional Encoder – Puncturing P1: PDU-wise bit numbering 0-155 >156



Puncturing pattern X: 1 1 1 1 1 1 0 1 1 1 1 1 1 Y: 1 1 1 1 1 1 1 1 1 1 1 1 0 X: 1 Y: 1



Transmitted sequence (after parallel-to-serial conversion) X1 Y1 X2 Y2 X3 Y3 X4 Y4 X5 Y5 X6 Y6 X8 Y7 X9 Y8 X10 Y9 X11 Y10 X12 Y11 X13 Y12 X1 Y1



– Puncturing P2: Code Rate 1/2, 9/16, 3/4 Puncturing P2 b0,0,b0,1,… x0,x1,x2,…



DEMUX b1,0,b1,1,…



Code Rates r 1/2 9/16 3/4



Puncturing pattern b 0,do : b 1,do : b 0,do : b 1,do : b 0,do : b 1,do :



1 1 1 1 1 1



Puncturing P2 with serial output



Channel coded PDU train



Transmitted sequence (after parallel-to-serial conversion) b 0,0 b 1,0



1 1 1 0



1111110 1101111 0 1



b 0,0 b 1,0 b 0,1 b 1,1 b 0,2 b 1,2 b 0,3 b 1,3 b 0,4 b 0,5 b 1,5 b 0,6 b 1,6 b 0,7 b 1,7 b 1,8 b 0,0 b 1,0 b 0,1 b 1,2
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Interleaving: Mixing up the Bits -> Channel Coherence Bandwidth !



Interl. Table QPSK Interl. Table QAM-16 Page 22



Mapping Presentation ENIC



G



Centre de Recherche de Motorola - Paris



Mapping: BPSK, QPSK, QAM-16 and QAM-64 constellations



+1



1



0 -1



+1



-1



00 10



01 10



11 10



10 10



11 11



10 11



+1



+3



11 01



10 01



11 00



10 00



+3



BPSK



00 11



01 11 +1



-3



-1



00 01



01 01 -1



01



11 00 00



+1



01 00 -3



-1



+1



00



10 -1



QAM-16



QPSK Page 23
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QAM-64 constellations 64QAM 000 100



b1b2b3b4 b5b6 001 100



011 100



010 100



110 100



111 100



101 100



100 100



110 101



111 101



101 101



100 101



110 111



111 111



101 111



100 111



110 110



111 110



101 110



100 110



+7



000 101



001 101



011 101



010 101 +5



000 111



001 111



011 111



010 111 +3



000 110



001 110



011 110



010 110 +1



-7



000 010



-5



001 010



-3



011 010



-1



+1



010 010



+3



+5



+7



110 010



111 010



101 010



100 010



110 011



111 011



101 011



100 011



110 001



111 001



101 001



100 001



110 000



111 000



101 000



100 000



-1



000 011



001 011



011 011



010 011 -3



000 001



001 001



011 001



010 001 -5



000 000



001 000



011 000



010 000 -7
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Normalization of the Mapped Symbols Presentation ENIC
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Constellation points G



Input bit b1 0 1



BPSK I-out -1 1



Q-out 0 0



QPSK



G



Input bit b1 0 1



I-out -1 1



Input bit b2 0 1



Q-out -1 1



Input bit b1b2 00 01 11 10



16QAM I-out -3 -1 1 3



Input bit b3b4 00 01 11 10



Q-out -3 -1 1 3



Input bit b1b2b3 000 001 011 010 110 111 101 100



64QAM I-out -7 -5 -3 -1 1 3 5 7



Input bit b4b5b6 000 001 011 010 110 111 101 100



Q-out -7 -5 -3 -1 1 3 5 7



Mean Power of an OFDM carrier is ‘1’ Modulation BPSK QPSK 16QAM 64QAM



KMOD 1 1/√2 1/√10 1/√42
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G



Implementation of the IFFT/FFT (Example: 16-Point FFT)



G



IFFT: – Exchange Real/Imaginary Parts at Input and Output of the FFT Page 26
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The Transmission Scheme (Short Guard Interval, QAM-64):
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Synchronization, Channel Estimation and FFT Presentation ENIC
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Synchronization via Preambles G



– Frequency Offset Estimation – Clock/Time Offset Estimation – Correction of offsets: I Frequency Offset leads to linear phase in Time Domain I Time Offset leads to linear phase in Frequency Domain



Channel Estimation: G



G



– Each ‘Transmission Phase’ contains two known OFDM symbols – 3 dB SNR gain in channel estimation by calculating mean value over 2 symbols



Fast Fourier Transformation (FFT) – Reuse of the IFFT Block
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Equalization by Multiplication for QPSK/BPSK – 1st Idea: Optimize



max X n e



Y − n −Xn Hn



2



⇔ min X n



Yn −Xn Hn



2



, Yn = H n ⋅ X n + υ



– Better: Optimize



max X n e



− Yn − H n ⋅ X n



2



⇔ min X n Yn − H n ⋅ X n , Yn = H n ⋅ X n + υ



– Simplification:



Yn − H n ⋅ X n = Yn − 2 ⋅ Re{X ⋅ H ⋅ Yn }+ H n ⋅ X n 2



∗ n



∗ n



2



with X n = 1⇒ − Re{X n }⋅ Re{H n∗ ⋅ Yn }− Im{X n }⋅ Im{H n∗ ⋅ Yn } Page 29
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Equalization by Multiplication for BPSK/QPSK G



– The Equalization unit performs a multiplication by the complex conjugate of the Channel Coefficient



{



}



{



Output = − Re{X n }⋅ Re H n∗ ⋅ Yn − Im{X n }⋅ Im H n∗ ⋅ Yn



{



}



{



⇒ ± Re H n∗ ⋅ Yn ± Im H n∗ ⋅ Yn



}



}



– Attention: The Variance of the Noise MUST NOT be depending on the carrier index - the Maximum Likelihood Decoder (VITERBI) works only for white noise. 10 dB or more can be lost when this rule is not respected !



Equalization is more complicate for QAM-16/64 constellations G



G



– Proposition: Distance to sub-constellations is calculated



Simplified Output of the Equalizer is called ‘METRIC’ – Indicates likelihood of a transmitted ‘0’ or ‘1’ Bit Page 30
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Deinterleaving G



G



– Rearrange bits that have been mixed up over one OFDM symbol. – Attention: There is now one metric per transmitted bit. – Reasonable metric size: Depends on the channel characteristics and the constellation density - usually several bits are necessary



Depuncturing: Insert ‘No Decision’ Metrics – A maximum likelihood decoder is usually implemented for a given code rate. – In the presence of puncturing, ‘No Decision’ Metrics have to be inserted for the omitted metrics. – For the metrics presented before, ‘0’ is a ‘No Decision’ metric.
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Maximum Likelihood Decoding (Here: Example for BPSK) – The conditional pdfs for the two possible transmitted signals per carrier v are



 Yn − H n ⋅ X n p (Yn X n = 1) = ⋅ exp− 2 ⋅ σ n2 2 ⋅π ⋅σ n  1



2



 Yn − H n  1 ⋅ exp− = 2 ⋅ σ n2 2 ⋅π ⋅σ n  



2



  



 Yn + H n  1 ⋅ exp− = 2 2 σ ⋅ 2 π σ ⋅ ⋅   n n 



2



and



 Yn − H n ⋅ X n p (Yn X n = −1) = ⋅ exp− 2 ⋅ σ n2 2 ⋅π ⋅σ n  1



2



  



– Aim: Optimization of



p (Y1 , Y2 ,..., YN X 1 ,..., X N ) = ∏ p (Yn X n ) = ∏ N



N



n =1



n =1



– knowing Bayes’



p ( X n Yn ) =



 Yn − H n ⋅ X n ⋅ exp− 2 ⋅ σ n2 2 ⋅π ⋅σ n  1



2



  



p (Yn X n )⋅ p( X n ) p(Yn )
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Simplification by Optimization of the Log-Likelihood G



  N Yn − H n ⋅ X n 1 −∑ ln p (Y1 , Y2 ,..., YN X 1 ,..., X N ) = ∑ (Yn X n ) = ∑ ln 2  n =1 2 ⋅ σ 2 ⋅ π ⋅ σ n =1 n =1 n n   N



N



2



Constants can be omitted without changing the decisions G



N



⇒ −∑ Yn − H n ⋅ X n



2



n =1



G



Simple implementation via additions and multiplications possible G



Viterbi Algorithm is widely used solution
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Complexity of the FFT (Radix-4 Implementation) G



– 5,61*10^7 real multiplications/s – 2,63*10^8 real additions/s – 2,07*10^8 memory accesses/s



Complexity of the Equalization G



G



– 13,33*10^7 complex multiplications/s



Largest Blocks (in ASIC surface) are – Synchronization – VITERBI decoder – FFT
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Performance of HIPERLAN/2 Presentation ENIC



G



Throughput Simulation



G



Results
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– Up to 54 Mbits/s of Data Throughput possible – Data Rates highly depending on SNR
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What the Future Brings Presentation ENIC
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MC-CDMA (Multi-Carrier CDMA)



G



G



G



Data is ‘spread’ over all carriers If one carrier is lost (due to a small channel coefficient), the original information can be well obtained from other carriers Page 36
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Advantages G



G



– High Gains: Approx. 10 dB without coding, Approx. 9 dB using a convolutional code with code rate R=3/4



Disadvantages – Intercarrier-Interference – High Decoding Complexity (BLAST Algorithm for good performance) – Still research to be done (coding,…)
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HIPERLAN/2 meets the future expectations like Wireless Video-Streaming, high speed Internet Access, etc. G



Compared to other systems (i.e. IEEE 802.11a), HIPERLAN/2 guarantees Quality of Service (QoS) G



Thanks to OFDM, a very high spectral efficiency is reached G



Low Implementation Complexity due to efficient Numerical Algorithms (FFT, IFFT, Equalization, etc.) G



The standard specifies the transmitter, but not the receiver " In the receiver there are various possibilities for optimizations " Still a lot of work for Research & Development



G



G



G



5GHz standards use practically the same physical layer, only the MAC-Layer is different " Same IC for everyone, MAC is adapted by Software In future, even higher spectral efficiency is expected (by using MC-CDMA, etc…)
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