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Channel Estimation
1. MmWave One-bit ADC
2. Deterministic beamforming design 

User Scheduling
1. New user scheduling criteria
2. Partial CSI-based scheduling

Receiver Design
1. Resolution-Adaptive ADC
2. Two-stage analog combining
3. Antenna selection
4. Learning-based one-bit detection
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Selected Topics
Summary and Future work



Channel Estimation
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• PS Hybrid Architecture w/ 1-bit ADC
• Frequency-Flat Channels 
• Beamformer w/ Random Configuration 
• Downlink

• PS/SW/Lens Hybrid Architecture
• Frequency-Flat Channels 
• Beamformer w/ Deterministic Configuration
• Downlink

1. Hybrid Beamforming with One-bit ADCs
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2. Universal and Deterministic Beamformer Design

§ Compressive-sensing (CS)-based millimeter wave channel estimation in hybrid beamforming systems
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q Summary
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Key Technique
• Modified one-bit GAMP*

*GAMP: generalized approximate message passing

System

Key Technique
• Deterministic optimal beamformer design



Channel Estimation 

5

q Future work

Deterministic hybrid beamformer design for channel estimation

• Frequency-selective channels
Ø OFDM 

• Low-resolution ADCs
Ø AQNM

• Arbitrary antenna array
Ø Unstructured matrix into account

• Uplink
Ø Multi-user into account
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Goal
: Design beamformer codebooks and pilots that minimize the mutual coherence of sensing matrix

FRF ,FBB ,WRF ,WBB ,X
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Possible targets for extension:

minimize
Mutual Coherence

: development of universal channel estimation technique
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q Summary 
Two-Stage Analog Combining
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NRF
<latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="aRAS/+LzrFlE0HyllF1WlfCoYzk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8qLeiIJ6kirHFNpTNdtMu3d2E3Y1QQv6FFw8qXv053vw3btsctPXBwOO9GWbmhQln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7DzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6HLit56o0iyW92ac0EDggWQRI9hY6fGml3WVQHdXea9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhNK90U00TTEZ4QDuWSiyoDrLpxTk6skofRbGyJQ2aqr8nMiy0HovQdgpshnrem4j/eZ3URGdBxmSSGirJbFGUcmRiNHkf9ZmixPCxJZgoZm9FZIgVJsaGVLEhePMvLxL/pH5ed2/dWuOiSKMMB3AIx+DBKTTgGprgAwEJz/AKb452Xpx352PWWnKKmX34A+fzB2l9kEU=</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit>
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ŝ1
<latexit sha1_base64="1gmWXp+o9FN4u29MEWNsLahEpN4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJSLBKFqp3R1SJKbn9ao1t+7OQJaJV5AaFGj2ql/dfsKymCtkkhrT8dwUg5xqFEzySaWbGZ5SNqID3rFU0ZibIJ/dOyEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfGEh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8Ac4Cj1k=</latexit><latexit sha1_base64="1gmWXp+o9FN4u29MEWNsLahEpN4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJSLBKFqp3R1SJKbn9ao1t+7OQJaJV5AaFGj2ql/dfsKymCtkkhrT8dwUg5xqFEzySaWbGZ5SNqID3rFU0ZibIJ/dOyEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfGEh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8Ac4Cj1k=</latexit><latexit sha1_base64="1gmWXp+o9FN4u29MEWNsLahEpN4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJSLBKFqp3R1SJKbn9ao1t+7OQJaJV5AaFGj2ql/dfsKymCtkkhrT8dwUg5xqFEzySaWbGZ5SNqID3rFU0ZibIJ/dOyEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfGEh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8Ac4Cj1k=</latexit>

ŝ2
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…
…

…

… …

… …

WRF1
<latexit sha1_base64="KhWUzAp/N+6JgMqoiu8Pqbs0t/E=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmWrur2zu7dvH9Q6KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3H11O/+0ilYkn8oCcp9QUexixiBGsjBXYt98IIdYsg96RA9zeBWwR23Wk4M6Bl4pakDiVagf3lDRKSCRprwrFSfddJtZ9jqRnhtKh6maIpJmM8pH1DYyyo8vPZ7QU6McoARYk0FWs0U39P5FgoNRGh6RRYj9SiNxX/8/qZji79nMVppmlM5ouijCOdoGkQaMAkJZpPDMFEMnMrIiMsMdEmrqoJwV18eZl0zhqu03DvzuvNqzKOChzBMZyCCxfQhFtoQRsIPMEzvMKbVVgv1rv1MW9dscqZQ/gD6/MHEySTzA==</latexit><latexit sha1_base64="KhWUzAp/N+6JgMqoiu8Pqbs0t/E=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmWrur2zu7dvH9Q6KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3H11O/+0ilYkn8oCcp9QUexixiBGsjBXYt98IIdYsg96RA9zeBWwR23Wk4M6Bl4pakDiVagf3lDRKSCRprwrFSfddJtZ9jqRnhtKh6maIpJmM8pH1DYyyo8vPZ7QU6McoARYk0FWs0U39P5FgoNRGh6RRYj9SiNxX/8/qZji79nMVppmlM5ouijCOdoGkQaMAkJZpPDMFEMnMrIiMsMdEmrqoJwV18eZl0zhqu03DvzuvNqzKOChzBMZyCCxfQhFtoQRsIPMEzvMKbVVgv1rv1MW9dscqZQ/gD6/MHEySTzA==</latexit><latexit sha1_base64="KhWUzAp/N+6JgMqoiu8Pqbs0t/E=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmWrur2zu7dvH9Q6KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3H11O/+0ilYkn8oCcp9QUexixiBGsjBXYt98IIdYsg96RA9zeBWwR23Wk4M6Bl4pakDiVagf3lDRKSCRprwrFSfddJtZ9jqRnhtKh6maIpJmM8pH1DYyyo8vPZ7QU6McoARYk0FWs0U39P5FgoNRGh6RRYj9SiNxX/8/qZji79nMVppmlM5ouijCOdoGkQaMAkJZpPDMFEMnMrIiMsMdEmrqoJwV18eZl0zhqu03DvzuvNqzKOChzBMZyCCxfQhFtoQRsIPMEzvMKbVVgv1rv1MW9dscqZQ/gD6/MHEySTzA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="1ncff6iVFvtQizXg4pY4iAw9xvM=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMuNFlQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt5FfRm7Ta3kLoU3wV9CElTqR+xWMUpILKg3hWOuh72UmLLAyjHBa1oJc0wyTKR7ToUWJBdVhsdi9ROfWGaEkVfZIgxbu7xcFFlrPRGxvCmwmej2bm/9lw9wk12HBZJYbKslyUJJzZFI0LwKNmKLE8JkFTBSzuyIywQoTY+uq2RL89S9vQu+y5Xst/96DKpzCGVyAD1fQhjvoQBcIPMMLvMG7Uzqvzseyroqz6q0Bf+R8/gC26ZJm</latexit><latexit sha1_base64="1ncff6iVFvtQizXg4pY4iAw9xvM=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMuNFlQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt5FfRm7Ta3kLoU3wV9CElTqR+xWMUpILKg3hWOuh72UmLLAyjHBa1oJc0wyTKR7ToUWJBdVhsdi9ROfWGaEkVfZIgxbu7xcFFlrPRGxvCmwmej2bm/9lw9wk12HBZJYbKslyUJJzZFI0LwKNmKLE8JkFTBSzuyIywQoTY+uq2RL89S9vQu+y5Xst/96DKpzCGVyAD1fQhjvoQBcIPMMLvMG7Uzqvzseyroqz6q0Bf+R8/gC26ZJm</latexit><latexit sha1_base64="aAyKNHUEhy7dZsKV24hq6wW7Mds=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5J40WNREI9V7Ac0IWy2m3bpZhN2N2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemHKmtON8W5W19Y3Nrep2bWd3b//APqx3VZJJQjsk4Ynsh1hRzgTtaKY57aeS4jjktBdOrmd+75FKxRLxoKcp9WM8EixiBGsjBXY998II9Yog92SM7m8CtwjshtN05kCrxC1JA0q0A/vLGyYki6nQhGOlBq6Taj/HUjPCaVHzMkVTTCZ4RAeGChxT5efz2wt0apQhihJpSmg0V39P5DhWahqHpjPGeqyWvZn4nzfIdHTp50ykmaaCLBZFGUc6QbMg0JBJSjSfGoKJZOZWRMZYYqJNXDUTgrv88irpnjddp+neOY3WVRlHFY7hBM7AhQtowS20oQMEnuAZXuHNKqwX6936WLRWrHLmCP7A+vwBEeSTyA==</latexit><latexit sha1_base64="KhWUzAp/N+6JgMqoiu8Pqbs0t/E=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmWrur2zu7dvH9Q6KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3H11O/+0ilYkn8oCcp9QUexixiBGsjBXYt98IIdYsg96RA9zeBWwR23Wk4M6Bl4pakDiVagf3lDRKSCRprwrFSfddJtZ9jqRnhtKh6maIpJmM8pH1DYyyo8vPZ7QU6McoARYk0FWs0U39P5FgoNRGh6RRYj9SiNxX/8/qZji79nMVppmlM5ouijCOdoGkQaMAkJZpPDMFEMnMrIiMsMdEmrqoJwV18eZl0zhqu03DvzuvNqzKOChzBMZyCCxfQhFtoQRsIPMEzvMKbVVgv1rv1MW9dscqZQ/gD6/MHEySTzA==</latexit><latexit sha1_base64="KhWUzAp/N+6JgMqoiu8Pqbs0t/E=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmWrur2zu7dvH9Q6KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3H11O/+0ilYkn8oCcp9QUexixiBGsjBXYt98IIdYsg96RA9zeBWwR23Wk4M6Bl4pakDiVagf3lDRKSCRprwrFSfddJtZ9jqRnhtKh6maIpJmM8pH1DYyyo8vPZ7QU6McoARYk0FWs0U39P5FgoNRGh6RRYj9SiNxX/8/qZji79nMVppmlM5ouijCOdoGkQaMAkJZpPDMFEMnMrIiMsMdEmrqoJwV18eZl0zhqu03DvzuvNqzKOChzBMZyCCxfQhFtoQRsIPMEzvMKbVVgv1rv1MW9dscqZQ/gD6/MHEySTzA==</latexit><latexit sha1_base64="KhWUzAp/N+6JgMqoiu8Pqbs0t/E=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmWrur2zu7dvH9Q6KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3H11O/+0ilYkn8oCcp9QUexixiBGsjBXYt98IIdYsg96RA9zeBWwR23Wk4M6Bl4pakDiVagf3lDRKSCRprwrFSfddJtZ9jqRnhtKh6maIpJmM8pH1DYyyo8vPZ7QU6McoARYk0FWs0U39P5FgoNRGh6RRYj9SiNxX/8/qZji79nMVppmlM5ouijCOdoGkQaMAkJZpPDMFEMnMrIiMsMdEmrqoJwV18eZl0zhqu03DvzuvNqzKOChzBMZyCCxfQhFtoQRsIPMEzvMKbVVgv1rv1MW9dscqZQ/gD6/MHEySTzA==</latexit><latexit sha1_base64="KhWUzAp/N+6JgMqoiu8Pqbs0t/E=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmWrur2zu7dvH9Q6KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3H11O/+0ilYkn8oCcp9QUexixiBGsjBXYt98IIdYsg96RA9zeBWwR23Wk4M6Bl4pakDiVagf3lDRKSCRprwrFSfddJtZ9jqRnhtKh6maIpJmM8pH1DYyyo8vPZ7QU6McoARYk0FWs0U39P5FgoNRGh6RRYj9SiNxX/8/qZji79nMVppmlM5ouijCOdoGkQaMAkJZpPDMFEMnMrIiMsMdEmrqoJwV18eZl0zhqu03DvzuvNqzKOChzBMZyCCxfQhFtoQRsIPMEzvMKbVVgv1rv1MW9dscqZQ/gD6/MHEySTzA==</latexit><latexit sha1_base64="KhWUzAp/N+6JgMqoiu8Pqbs0t/E=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmWrur2zu7dvH9Q6KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3H11O/+0ilYkn8oCcp9QUexixiBGsjBXYt98IIdYsg96RA9zeBWwR23Wk4M6Bl4pakDiVagf3lDRKSCRprwrFSfddJtZ9jqRnhtKh6maIpJmM8pH1DYyyo8vPZ7QU6McoARYk0FWs0U39P5FgoNRGh6RRYj9SiNxX/8/qZji79nMVppmlM5ouijCOdoGkQaMAkJZpPDMFEMnMrIiMsMdEmrqoJwV18eZl0zhqu03DvzuvNqzKOChzBMZyCCxfQhFtoQRsIPMEzvMKbVVgv1rv1MW9dscqZQ/gD6/MHEySTzA==</latexit><latexit sha1_base64="KhWUzAp/N+6JgMqoiu8Pqbs0t/E=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVBIR9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1srq2vrGZmWrur2zu7dvH9Q6KskkoW2S8ET2QqwoZzFta6Y57aWSYhFy2g3H11O/+0ilYkn8oCcp9QUexixiBGsjBXYt98IIdYsg96RA9zeBWwR23Wk4M6Bl4pakDiVagf3lDRKSCRprwrFSfddJtZ9jqRnhtKh6maIpJmM8pH1DYyyo8vPZ7QU6McoARYk0FWs0U39P5FgoNRGh6RRYj9SiNxX/8/qZji79nMVppmlM5ouijCOdoGkQaMAkJZpPDMFEMnMrIiMsMdEmrqoJwV18eZl0zhqu03DvzuvNqzKOChzBMZyCCxfQhFtoQRsIPMEzvMKbVVgv1rv1MW9dscqZQ/gD6/MHEySTzA==</latexit>

+

+

NRF
<latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="aRAS/+LzrFlE0HyllF1WlfCoYzk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8qLeiIJ6kirHFNpTNdtMu3d2E3Y1QQv6FFw8qXv053vw3btsctPXBwOO9GWbmhQln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7DzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6HLit56o0iyW92ac0EDggWQRI9hY6fGml3WVQHdXea9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhNK90U00TTEZ4QDuWSiyoDrLpxTk6skofRbGyJQ2aqr8nMiy0HovQdgpshnrem4j/eZ3URGdBxmSSGirJbFGUcmRiNHkf9ZmixPCxJZgoZm9FZIgVJsaGVLEhePMvLxL/pH5ed2/dWuOiSKMMB3AIx+DBKTTgGprgAwEJz/AKb452Xpx352PWWnKKmX34A+fzB2l9kEU=</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit>
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WRF2
<latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sgAlkIUhGA2QF4tZLgtZjtnRaIA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKNLQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt1G7jNym1/IWQpvgr6AJK3Ui9ysYpSQXVBrCsdZD38tMWGBlGOG0rAW5phkmUzymQ4sSC6rDYrF7ic6tM0JJquyRBi3c3y8KLLSeidjeFNhM9Ho2N//LhrlJrsKCySw3VJLloCTnyKRoXgQaMUWJ4TMLmChmd0VkghUmxtZVsyX461/ehF675Xst/96DKpzCGVyAD5dwDXfQgS4QeIYXeIN3p3RenY9lXRVn1VsD/sj5/AG4Y5Jn</latexit><latexit sha1_base64="sgAlkIUhGA2QF4tZLgtZjtnRaIA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKNLQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt1G7jNym1/IWQpvgr6AJK3Ui9ysYpSQXVBrCsdZD38tMWGBlGOG0rAW5phkmUzymQ4sSC6rDYrF7ic6tM0JJquyRBi3c3y8KLLSeidjeFNhM9Ho2N//LhrlJrsKCySw3VJLloCTnyKRoXgQaMUWJ4TMLmChmd0VkghUmxtZVsyX461/ehF675Xst/96DKpzCGVyAD5dwDXfQgS4QeIYXeIN3p3RenY9lXRVn1VsD/sj5/AG4Y5Jn</latexit><latexit sha1_base64="ossnSFo/cDzLT/2YSR1Npl+GWLY=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJe9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1tr6xubWdmWnuru3f3BoH9W6KskkoR2S8ET2Q6woZzHtaKY57aeSYhFy2gsn1zO/90ilYkn8oKcp9QUexSxiBGsjBXYt98II9Yog96RA9zdBswjsutNw5kCrxC1JHUq0A/vLGyYkEzTWhGOlBq6Taj/HUjPCaVH1MkVTTCZ4RAeGxlhQ5efz2wt0ZpQhihJpKtZorv6eyLFQaipC0ymwHqtlbyb+5w0yHV36OYvTTNOYLBZFGUc6QbMg0JBJSjSfGoKJZOZWRMZYYqJNXFUTgrv88irpNhuu03DvnHrrqoyjAidwCufgwgW04Bba0AECT/AMr/BmFdaL9W59LFrXrHLmGP7A+vwBE2mTyQ==</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sgAlkIUhGA2QF4tZLgtZjtnRaIA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKNLQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt1G7jNym1/IWQpvgr6AJK3Ui9ysYpSQXVBrCsdZD38tMWGBlGOG0rAW5phkmUzymQ4sSC6rDYrF7ic6tM0JJquyRBi3c3y8KLLSeidjeFNhM9Ho2N//LhrlJrsKCySw3VJLloCTnyKRoXgQaMUWJ4TMLmChmd0VkghUmxtZVsyX461/ehF675Xst/96DKpzCGVyAD5dwDXfQgS4QeIYXeIN3p3RenY9lXRVn1VsD/sj5/AG4Y5Jn</latexit><latexit sha1_base64="sgAlkIUhGA2QF4tZLgtZjtnRaIA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKNLQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt1G7jNym1/IWQpvgr6AJK3Ui9ysYpSQXVBrCsdZD38tMWGBlGOG0rAW5phkmUzymQ4sSC6rDYrF7ic6tM0JJquyRBi3c3y8KLLSeidjeFNhM9Ho2N//LhrlJrsKCySw3VJLloCTnyKRoXgQaMUWJ4TMLmChmd0VkghUmxtZVsyX461/ehF675Xst/96DKpzCGVyAD5dwDXfQgS4QeIYXeIN3p3RenY9lXRVn1VsD/sj5/AG4Y5Jn</latexit><latexit sha1_base64="ossnSFo/cDzLT/2YSR1Npl+GWLY=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJe9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1tr6xubWdmWnuru3f3BoH9W6KskkoR2S8ET2Q6woZzHtaKY57aeSYhFy2gsn1zO/90ilYkn8oKcp9QUexSxiBGsjBXYt98II9Yog96RA9zdBswjsutNw5kCrxC1JHUq0A/vLGyYkEzTWhGOlBq6Taj/HUjPCaVH1MkVTTCZ4RAeGxlhQ5efz2wt0ZpQhihJpKtZorv6eyLFQaipC0ymwHqtlbyb+5w0yHV36OYvTTNOYLBZFGUc6QbMg0JBJSjSfGoKJZOZWRMZYYqJNXFUTgrv88irpNhuu03DvnHrrqoyjAidwCufgwgW04Bba0AECT/AMr/BmFdaL9W59LFrXrHLmGP7A+vwBE2mTyQ==</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit>

1st Analog Combiner 

2nd Analog Combiner

WBB
<latexit sha1_base64="HXWwp6C60mKNvleclsrbAhaNTjg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KokIeiz14rGC/YAmhM120y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nY3Nre2d3cpedf/g8OjYPTnt6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7+d+d0KVZql8MtOMhgIPJUsYwcZKkesWQZyg7iwqAiVQszmL3JpX9xZA68QvSQ1KtCL3KxikJBdUGsKx1n3fy0xYYGUY4XRWDXJNM0zGeEj7lkosqA6LxeUzdGmVAUpSZUsatFB/TxRYaD0Vse0U2Iz0qjcX//P6uUnuwoLJLDdUkuWiJOfIpGgeAxowRYnhU0swUczeisgIK0yMDatqQ/BXX14nneu679X9x5tao1nGUYFzuIAr8OEWGvAALWgDgQk8wyu8OYXz4rw7H8vWDaecOYM/cD5/AMRfkxQ=</latexit><latexit sha1_base64="HXWwp6C60mKNvleclsrbAhaNTjg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KokIeiz14rGC/YAmhM120y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nY3Nre2d3cpedf/g8OjYPTnt6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7+d+d0KVZql8MtOMhgIPJUsYwcZKkesWQZyg7iwqAiVQszmL3JpX9xZA68QvSQ1KtCL3KxikJBdUGsKx1n3fy0xYYGUY4XRWDXJNM0zGeEj7lkosqA6LxeUzdGmVAUpSZUsatFB/TxRYaD0Vse0U2Iz0qjcX//P6uUnuwoLJLDdUkuWiJOfIpGgeAxowRYnhU0swUczeisgIK0yMDatqQ/BXX14nneu679X9x5tao1nGUYFzuIAr8OEWGvAALWgDgQk8wyu8OYXz4rw7H8vWDaecOYM/cD5/AMRfkxQ=</latexit><latexit sha1_base64="HXWwp6C60mKNvleclsrbAhaNTjg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KokIeiz14rGC/YAmhM120y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nY3Nre2d3cpedf/g8OjYPTnt6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7+d+d0KVZql8MtOMhgIPJUsYwcZKkesWQZyg7iwqAiVQszmL3JpX9xZA68QvSQ1KtCL3KxikJBdUGsKx1n3fy0xYYGUY4XRWDXJNM0zGeEj7lkosqA6LxeUzdGmVAUpSZUsatFB/TxRYaD0Vse0U2Iz0qjcX//P6uUnuwoLJLDdUkuWiJOfIpGgeAxowRYnhU0swUczeisgIK0yMDatqQ/BXX14nneu679X9x5tao1nGUYFzuIAr8OEWGvAALWgDgQk8wyu8OYXz4rw7H8vWDaecOYM/cD5/AMRfkxQ=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="dRsAMiDxs5ciVXGmnQ0d9WsFlaY=">AAAB7nicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XvQo8+JxgvsDaylplm5hSVqSdDBKv4kXD4r4cbz5bUy3HXTzgcCP50l43zxxxpk2nvft1HZ29/YP6oeNo+bxyal71uzrNFeE9kjKUzWMsaacSdozzHA6zBTFIuZ0EM8eqnwwp0qzVD6bRUZDgSeSJYxgY63IdYsgTtCgjIpACdTplJHb8treUmgb/DW0YK1u5H4F45TkgkpDONZ65HuZCQusDCOclo0g1zTDZIYndGRRYkF1WCw3L9GVdcYoSZU90qCl+/tFgYXWCxHbmwKbqd7MKvO/bJSb5C4smMxyQyVZDUpyjkyKqhrQmClKDF9YwEQxuysiU6wwMbashi3B3/zyNvRv2r7X9p88qMMFXMI1+HAL9/AIXegBgTm8wBu8O4Xz6nys6qo5697O4Y+czx9vv5Gw</latexit><latexit sha1_base64="dRsAMiDxs5ciVXGmnQ0d9WsFlaY=">AAAB7nicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XvQo8+JxgvsDaylplm5hSVqSdDBKv4kXD4r4cbz5bUy3HXTzgcCP50l43zxxxpk2nvft1HZ29/YP6oeNo+bxyal71uzrNFeE9kjKUzWMsaacSdozzHA6zBTFIuZ0EM8eqnwwp0qzVD6bRUZDgSeSJYxgY63IdYsgTtCgjIpACdTplJHb8treUmgb/DW0YK1u5H4F45TkgkpDONZ65HuZCQusDCOclo0g1zTDZIYndGRRYkF1WCw3L9GVdcYoSZU90qCl+/tFgYXWCxHbmwKbqd7MKvO/bJSb5C4smMxyQyVZDUpyjkyKqhrQmClKDF9YwEQxuysiU6wwMbashi3B3/zyNvRv2r7X9p88qMMFXMI1+HAL9/AIXegBgTm8wBu8O4Xz6nys6qo5697O4Y+czx9vv5Gw</latexit><latexit sha1_base64="eQIWCopRw8W/wefPrx+fRvNynqY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0m86LHUi8cK9gOaUDbbTbt0dxN2N4US8k+8eFDEq//Em//GbZuDtj4YeLw3w8y8KOVMG8/7dipb2zu7e9X92sHh0fGJe3rW1UmmCO2QhCeqH2FNOZO0Y5jhtJ8qikXEaS+a3i/83owqzRL5ZOYpDQUeSxYzgo2Vhq6bB1GMesUwD5RArVYxdOtew1sCbRK/JHUo0R66X8EoIZmg0hCOtR74XmrCHCvDCKdFLcg0TTGZ4jEdWCqxoDrMl5cX6MoqIxQnypY0aKn+nsix0HouItspsJnodW8h/ucNMhPfhTmTaWaoJKtFccaRSdAiBjRiihLD55Zgopi9FZEJVpgYG1bNhuCvv7xJujcN32v4j1692SrjqMIFXMI1+HALTXiANnSAwAye4RXenNx5cd6dj1VrxSlnzuEPnM8fwx+TEA==</latexit><latexit sha1_base64="HXWwp6C60mKNvleclsrbAhaNTjg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KokIeiz14rGC/YAmhM120y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nY3Nre2d3cpedf/g8OjYPTnt6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7+d+d0KVZql8MtOMhgIPJUsYwcZKkesWQZyg7iwqAiVQszmL3JpX9xZA68QvSQ1KtCL3KxikJBdUGsKx1n3fy0xYYGUY4XRWDXJNM0zGeEj7lkosqA6LxeUzdGmVAUpSZUsatFB/TxRYaD0Vse0U2Iz0qjcX//P6uUnuwoLJLDdUkuWiJOfIpGgeAxowRYnhU0swUczeisgIK0yMDatqQ/BXX14nneu679X9x5tao1nGUYFzuIAr8OEWGvAALWgDgQk8wyu8OYXz4rw7H8vWDaecOYM/cD5/AMRfkxQ=</latexit><latexit sha1_base64="HXWwp6C60mKNvleclsrbAhaNTjg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KokIeiz14rGC/YAmhM120y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nY3Nre2d3cpedf/g8OjYPTnt6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7+d+d0KVZql8MtOMhgIPJUsYwcZKkesWQZyg7iwqAiVQszmL3JpX9xZA68QvSQ1KtCL3KxikJBdUGsKx1n3fy0xYYGUY4XRWDXJNM0zGeEj7lkosqA6LxeUzdGmVAUpSZUsatFB/TxRYaD0Vse0U2Iz0qjcX//P6uUnuwoLJLDdUkuWiJOfIpGgeAxowRYnhU0swUczeisgIK0yMDatqQ/BXX14nneu679X9x5tao1nGUYFzuIAr8OEWGvAALWgDgQk8wyu8OYXz4rw7H8vWDaecOYM/cD5/AMRfkxQ=</latexit><latexit sha1_base64="HXWwp6C60mKNvleclsrbAhaNTjg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KokIeiz14rGC/YAmhM120y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nY3Nre2d3cpedf/g8OjYPTnt6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7+d+d0KVZql8MtOMhgIPJUsYwcZKkesWQZyg7iwqAiVQszmL3JpX9xZA68QvSQ1KtCL3KxikJBdUGsKx1n3fy0xYYGUY4XRWDXJNM0zGeEj7lkosqA6LxeUzdGmVAUpSZUsatFB/TxRYaD0Vse0U2Iz0qjcX//P6uUnuwoLJLDdUkuWiJOfIpGgeAxowRYnhU0swUczeisgIK0yMDatqQ/BXX14nneu679X9x5tao1nGUYFzuIAr8OEWGvAALWgDgQk8wyu8OYXz4rw7H8vWDaecOYM/cD5/AMRfkxQ=</latexit><latexit sha1_base64="HXWwp6C60mKNvleclsrbAhaNTjg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KokIeiz14rGC/YAmhM120y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nY3Nre2d3cpedf/g8OjYPTnt6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7+d+d0KVZql8MtOMhgIPJUsYwcZKkesWQZyg7iwqAiVQszmL3JpX9xZA68QvSQ1KtCL3KxikJBdUGsKx1n3fy0xYYGUY4XRWDXJNM0zGeEj7lkosqA6LxeUzdGmVAUpSZUsatFB/TxRYaD0Vse0U2Iz0qjcX//P6uUnuwoLJLDdUkuWiJOfIpGgeAxowRYnhU0swUczeisgIK0yMDatqQ/BXX14nneu679X9x5tao1nGUYFzuIAr8OEWGvAALWgDgQk8wyu8OYXz4rw7H8vWDaecOYM/cD5/AMRfkxQ=</latexit><latexit sha1_base64="HXWwp6C60mKNvleclsrbAhaNTjg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KokIeiz14rGC/YAmhM120y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nY3Nre2d3cpedf/g8OjYPTnt6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7+d+d0KVZql8MtOMhgIPJUsYwcZKkesWQZyg7iwqAiVQszmL3JpX9xZA68QvSQ1KtCL3KxikJBdUGsKx1n3fy0xYYGUY4XRWDXJNM0zGeEj7lkosqA6LxeUzdGmVAUpSZUsatFB/TxRYaD0Vse0U2Iz0qjcX//P6uUnuwoLJLDdUkuWiJOfIpGgeAxowRYnhU0swUczeisgIK0yMDatqQ/BXX14nneu679X9x5tao1nGUYFzuIAr8OEWGvAALWgDgQk8wyu8OYXz4rw7H8vWDaecOYM/cD5/AMRfkxQ=</latexit><latexit sha1_base64="HXWwp6C60mKNvleclsrbAhaNTjg=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KokIeiz14rGC/YAmhM120y7d3YTdTaGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvzjjTxvO+nY3Nre2d3cpedf/g8OjYPTnt6DRXhLZJylPVi7GmnEnaNsxw2ssUxSLmtBuP7+d+d0KVZql8MtOMhgIPJUsYwcZKkesWQZyg7iwqAiVQszmL3JpX9xZA68QvSQ1KtCL3KxikJBdUGsKx1n3fy0xYYGUY4XRWDXJNM0zGeEj7lkosqA6LxeUzdGmVAUpSZUsatFB/TxRYaD0Vse0U2Iz0qjcX//P6uUnuwoLJLDdUkuWiJOfIpGgeAxowRYnhU0swUczeisgIK0yMDatqQ/BXX14nneu679X9x5tao1nGUYFzuIAr8OEWGvAALWgDgQk8wyu8OYXz4rw7H8vWDaecOYM/cD5/AMRfkxQ=</latexit>

Low Resolution 

(i) W?
RF1

= [U1:NuU?]
<latexit sha1_base64="t/oIaXbWcqdTlQhhKjerdZ83IhM="></latexit><latexit sha1_base64="t/oIaXbWcqdTlQhhKjerdZ83IhM="></latexit><latexit sha1_base64="t/oIaXbWcqdTlQhhKjerdZ83IhM="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="0T5Vih5w4O5vkoK5q6cLvmiHOUA=">AAACHnicbZDLSgMxGIX/qbdaq45u3QSLUDdlxo0iCAVBXEkVe4HOOGTSTBuauZBkhDKMj+PGV3GjoKhPY3oRtPVA4Ms5Ccl//IQzqSzr0ygsLa+srhXXSxvlza1tc6fcknEqCG2SmMei42NJOYtoUzHFaScRFIc+p21/eD7O2/dUSBZHt2qUUDfE/YgFjGClLc+sV9nhQ+b4AWrnXpY5IkQ3F7ln53eOVFigM9SdpE2d2qdXXpqjn72TUJG4nlmxatZEaBHsGVRgpoZnvjq9mKQhjRThWMqubSXKzbBQjHCal5xU0gSTIe7TrsYIh1S62WTSHB1op4eCWOgVKTRxf9/IcCjlKPT1yRCrgZzPxuZ/WTdVwYmbsShJFY3I9KEg5UjFaFwb6jFBieIjDZgIpv+KyAALTJQut6RLsOdHXoTWUc3WfG1BEfZgH6pgwzHU4RIa0AQCj/AMb/BuPBkvxse0roIx620X/sj4+gYpZ6R1</latexit><latexit sha1_base64="0T5Vih5w4O5vkoK5q6cLvmiHOUA=">AAACHnicbZDLSgMxGIX/qbdaq45u3QSLUDdlxo0iCAVBXEkVe4HOOGTSTBuauZBkhDKMj+PGV3GjoKhPY3oRtPVA4Ms5Ccl//IQzqSzr0ygsLa+srhXXSxvlza1tc6fcknEqCG2SmMei42NJOYtoUzHFaScRFIc+p21/eD7O2/dUSBZHt2qUUDfE/YgFjGClLc+sV9nhQ+b4AWrnXpY5IkQ3F7ln53eOVFigM9SdpE2d2qdXXpqjn72TUJG4nlmxatZEaBHsGVRgpoZnvjq9mKQhjRThWMqubSXKzbBQjHCal5xU0gSTIe7TrsYIh1S62WTSHB1op4eCWOgVKTRxf9/IcCjlKPT1yRCrgZzPxuZ/WTdVwYmbsShJFY3I9KEg5UjFaFwb6jFBieIjDZgIpv+KyAALTJQut6RLsOdHXoTWUc3WfG1BEfZgH6pgwzHU4RIa0AQCj/AMb/BuPBkvxse0roIx620X/sj4+gYpZ6R1</latexit><latexit sha1_base64="/RSSw20FgIfUTenSEzYDqNbmWOI="></latexit><latexit sha1_base64="t/oIaXbWcqdTlQhhKjerdZ83IhM="></latexit><latexit sha1_base64="t/oIaXbWcqdTlQhhKjerdZ83IhM="></latexit><latexit sha1_base64="t/oIaXbWcqdTlQhhKjerdZ83IhM="></latexit><latexit sha1_base64="t/oIaXbWcqdTlQhhKjerdZ83IhM="></latexit><latexit sha1_base64="t/oIaXbWcqdTlQhhKjerdZ83IhM="></latexit><latexit sha1_base64="t/oIaXbWcqdTlQhhKjerdZ83IhM="></latexit>
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project  on lower dim.

…

Spreads signals evenly

RF chains RF chains

A
A…

A

Moderate 
quantization 

error

ADCs

Two-stage solution

Two-stage analog combining vs. One-stage analog combining

(Nr = 128 , Nue = 8, b = 2, channel paths = 3) 
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q Future work 
Performance with Hadamard Matrix 

(Nr = 128 , NRF = 32, Nue = 8, b = 3, channel paths = 3) 
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§ Implementation complexity reduction
• First analog combiner WRF1

: use subarray structure to reduce # of phase shifters

• Second analog combiner WRF2

: use simpler unitary matrix with constant amplitude
ex.
Hadamard matrix

1. Disjoint subarray – simplest
2. Joint subarray – few overlaps among subarrays 
3. Dynamic subarray – adaptive subarray structure

ex.

- only composed of 1s and -1s
- requires                         phase shifters with -180 phase(N2

RF �NRF)/2
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q Summary
Robust Learning-based 1-Bit Detection

Dithering-and-learning

Maximum
Likelihood
detection

… … …

RF 
Processi

ng
+

+
-

+
-0

0
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<latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="jjVl58RsWiJ8KidQAXCh0CdPrb0=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3LisYh/QGUomk2lD8xiSjFLG/hQ3LhTx37jz35g+Ftp6IPBxTsK9OUnOmbFB8O1tbG5t7+xW9qr7tYPDI79e6xhVaELbRHGlewk2lDNJ25ZZTnu5plgknHaT8c0s7z5SbZiSD3aS01jgoWQZI9g6a+DXy0gLdE+nURmRVNloOvAbQTOYC61DuIQGLNUa+F9RqkghqLSEY2P6YZDbuMTaMsLptBoVhuaYjPGQ9h1KLKiJy/nqU3TmnBRlSrsjLZq7v1+UWBgzEYm7KbAdmdVsZv6X9QubXcUlk3lhqSSLQVnBkVVo1gNKmabE8okDTDRzuyIywhoT69qquhLC1S+vQ+eiGTq+C6ACJ3AK5xDCJVzDLbSgDQSe4AXe4N179l69j0VdG96yt2P4I+/zBwhvkrA=</latexit><latexit sha1_base64="jjVl58RsWiJ8KidQAXCh0CdPrb0=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3LisYh/QGUomk2lD8xiSjFLG/hQ3LhTx37jz35g+Ftp6IPBxTsK9OUnOmbFB8O1tbG5t7+xW9qr7tYPDI79e6xhVaELbRHGlewk2lDNJ25ZZTnu5plgknHaT8c0s7z5SbZiSD3aS01jgoWQZI9g6a+DXy0gLdE+nURmRVNloOvAbQTOYC61DuIQGLNUa+F9RqkghqLSEY2P6YZDbuMTaMsLptBoVhuaYjPGQ9h1KLKiJy/nqU3TmnBRlSrsjLZq7v1+UWBgzEYm7KbAdmdVsZv6X9QubXcUlk3lhqSSLQVnBkVVo1gNKmabE8okDTDRzuyIywhoT69qquhLC1S+vQ+eiGTq+C6ACJ3AK5xDCJVzDLbSgDQSe4AXe4N179l69j0VdG96yt2P4I+/zBwhvkrA=</latexit><latexit sha1_base64="R6HYJyIJfud/hegJEVf2jfhKSxA=">AAAB+nicbZC7TsMwFIadcivllsLIYlEhMVUJC4wVLIwF0YvURJXjOK1VXyLbAVUhj8LCAEKsPAkbb4PbZoCWX7L06T/n6Bz/UcqoNp737VTW1jc2t6rbtZ3dvf0Dt37Y1TJTmHSwZFL1I6QJo4J0DDWM9FNFEI8Y6UWT61m990CUplLcm2lKQo5GgiYUI2OtoVvPA8XhHSmCPMCxNEExdBte05sLroJfQgOUag/dryCWOONEGMyQ1gPfS02YI2UoZqSoBZkmKcITNCIDiwJxosN8fnoBT60Tw0Qq+4SBc/f3RI641lMe2U6OzFgv12bmf7VBZpLLMKcizQwReLEoyRg0Es5ygDFVBBs2tYCwovZWiMdIIWxsWjUbgr/85VXonjd9y7deo3VVxlEFx+AEnAEfXIAWuAFt0AEYPIJn8ArenCfnxXl3PhatFaecOQJ/5Hz+AGaslBE=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit>

Im{·}
<latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="R79BGFeYd0MOtwqFehKz1JPpn7A=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3Oiugn1AZyiZTKYNzWNIMkoZ+1PcuFDEf+POf2P6WGjrgcDHOQn35iQ5Z8YGwbe3sbm1vbNb2avu1w4Oj/x6rWNUoQltE8WV7iXYUM4kbVtmOe3lmmKRcNpNxjezvPtItWFKPthJTmOBh5JljGDrrIFfLyMt0J2YRmVEUmWj6cBvBM1gLrQO4RIasFRr4H9FqSKFoNISjo3ph0Fu4xJrywin02pUGJpjMsZD2ncosaAmLuerT9GZc1KUKe2OtGju/n5RYmHMRCTupsB2ZFazmflf1i9sdhWXTOaFpZIsBmUFR1ahWQ8oZZoSyycOMNHM7YrICGtMrGur6koIV7+8Dp2LZuj4PoAKnMApnEMIl3ANt9CCNhB4ghd4g3fv2Xv1PhZ1bXjL3o7hj7zPHwbjkq8=</latexit><latexit sha1_base64="R79BGFeYd0MOtwqFehKz1JPpn7A=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3Oiugn1AZyiZTKYNzWNIMkoZ+1PcuFDEf+POf2P6WGjrgcDHOQn35iQ5Z8YGwbe3sbm1vbNb2avu1w4Oj/x6rWNUoQltE8WV7iXYUM4kbVtmOe3lmmKRcNpNxjezvPtItWFKPthJTmOBh5JljGDrrIFfLyMt0J2YRmVEUmWj6cBvBM1gLrQO4RIasFRr4H9FqSKFoNISjo3ph0Fu4xJrywin02pUGJpjMsZD2ncosaAmLuerT9GZc1KUKe2OtGju/n5RYmHMRCTupsB2ZFazmflf1i9sdhWXTOaFpZIsBmUFR1ahWQ8oZZoSyycOMNHM7YrICGtMrGur6koIV7+8Dp2LZuj4PoAKnMApnEMIl3ANt9CCNhB4ghd4g3fv2Xv1PhZ1bXjL3o7hj7zPHwbjkq8=</latexit><latexit sha1_base64="ZCu3BwDi1WC9S+68iaVOHTuE2Fs=">AAAB+nicbZC7TsMwFIadcivllsLIYlEhMVUJC4wVLLAViV6kJqocx2mt+hLZDqgKeRQWBhBi5UnYeBvcNgO0/JKlT/85R+f4j1JGtfG8b6eytr6xuVXdru3s7u0fuPXDrpaZwqSDJZOqHyFNGBWkY6hhpJ8qgnjESC+aXM/qvQeiNJXi3kxTEnI0EjShGBlrDd16HigOb3kR5AGOpQmKodvwmt5ccBX8EhqgVHvofgWxxBknwmCGtB74XmrCHClDMSNFLcg0SRGeoBEZWBSIEx3m89MLeGqdGCZS2ScMnLu/J3LEtZ7yyHZyZMZ6uTYz/6sNMpNchjkVaWaIwItFScagkXCWA4ypItiwqQWEFbW3QjxGCmFj06rZEPzlL69C97zpW77zGq2rMo4qOAYn4Az44AK0wA1ogw7A4BE8g1fw5jw5L86787ForTjlzBH4I+fzB2UVlBA=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit>

learning

learning

p(b)k,Nr
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ỹ1+Nr [n]<latexit sha1_base64="BUUl2LIaPS/d+QGiN2lFph2/bXI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQSiJCLosunElFewF2hAmk0k7dDIJMydCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieoFRDPBJWsDB8F6qWIkDgTrBuObab37yJTmiXyAPGVeTIaSR5wSMJZv1wbARchw7hfu2Z2vJn3p+XbdaTgz4WVwS6ijUi3f/hqECc1iJoEKonXfdVLwCqKAU8Em1UGmWUromAxZ36AkMdNeMTt+gk+ME+IoUeZJwDP390RBYq3zODCdMYGRXqxNzf9q/QyiK6/gMs2ASTpfFGUCQ4KnSeCQK0ZB5AYIVdzciumIKELB5FU1IbiLX16GznnDNXx/UW9el3FU0BE6RqfIRZeoiW5RC7URRTl6Rq/ozXqyXqx362PeumKVMzX0R9bnDxxAlGg=</latexit><latexit sha1_base64="BUUl2LIaPS/d+QGiN2lFph2/bXI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQSiJCLosunElFewF2hAmk0k7dDIJMydCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieoFRDPBJWsDB8F6qWIkDgTrBuObab37yJTmiXyAPGVeTIaSR5wSMJZv1wbARchw7hfu2Z2vJn3p+XbdaTgz4WVwS6ijUi3f/hqECc1iJoEKonXfdVLwCqKAU8Em1UGmWUromAxZ36AkMdNeMTt+gk+ME+IoUeZJwDP390RBYq3zODCdMYGRXqxNzf9q/QyiK6/gMs2ASTpfFGUCQ4KnSeCQK0ZB5AYIVdzciumIKELB5FU1IbiLX16GznnDNXx/UW9el3FU0BE6RqfIRZeoiW5RC7URRTl6Rq/ozXqyXqx362PeumKVMzX0R9bnDxxAlGg=</latexit><latexit sha1_base64="BUUl2LIaPS/d+QGiN2lFph2/bXI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQSiJCLosunElFewF2hAmk0k7dDIJMydCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieoFRDPBJWsDB8F6qWIkDgTrBuObab37yJTmiXyAPGVeTIaSR5wSMJZv1wbARchw7hfu2Z2vJn3p+XbdaTgz4WVwS6ijUi3f/hqECc1iJoEKonXfdVLwCqKAU8Em1UGmWUromAxZ36AkMdNeMTt+gk+ME+IoUeZJwDP390RBYq3zODCdMYGRXqxNzf9q/QyiK6/gMs2ASTpfFGUCQ4KnSeCQK0ZB5AYIVdzciumIKELB5FU1IbiLX16GznnDNXx/UW9el3FU0BE6RqfIRZeoiW5RC7URRTl6Rq/ozXqyXqx362PeumKVMzX0R9bnDxxAlGg=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="Af9NLsZ4Jz7hSjNy57SKqf9JrgQ=">AAAB8XicbZBLSwMxFIXv+Ky16qhLN8EiCEKZcaNLwY0rqWAfMB2GTJq2oZnMkNwRhqH+FTcuFPHPuPPfmD4W2nog8HFOwr05cSaFQc/7dtbWNza3tis71d3a3v6Be1hrmzTXjLdYKlPdjanhUijeQoGSdzPNaRJL3onHt9O888S1Eal6xCLjYUKHSgwEo2ityD3uoZB9Toqo9C/uIz0JVBi5da/hzURWwV9AHRZqRu5Xr5+yPOEKmaTGBL6XYVhSjYJJPqn2csMzysZ0yAOLiibchOVs+Qk5s06fDFJtj0Iyc3+/KGliTJHE9mZCcWSWs6n5XxbkOLgOS6GyHLli80GDXBJMybQJ0heaM5SFBcq0sLsSNqKaMrR9VW0J/vKXV6F92fAtP3hQgRM4hXPw4Qpu4A6a0AIGBbzAG7w7z86r8zGva81Z9HYEf+R8/gC5f5MB</latexit><latexit sha1_base64="Af9NLsZ4Jz7hSjNy57SKqf9JrgQ=">AAAB8XicbZBLSwMxFIXv+Ky16qhLN8EiCEKZcaNLwY0rqWAfMB2GTJq2oZnMkNwRhqH+FTcuFPHPuPPfmD4W2nog8HFOwr05cSaFQc/7dtbWNza3tis71d3a3v6Be1hrmzTXjLdYKlPdjanhUijeQoGSdzPNaRJL3onHt9O888S1Eal6xCLjYUKHSgwEo2ityD3uoZB9Toqo9C/uIz0JVBi5da/hzURWwV9AHRZqRu5Xr5+yPOEKmaTGBL6XYVhSjYJJPqn2csMzysZ0yAOLiibchOVs+Qk5s06fDFJtj0Iyc3+/KGliTJHE9mZCcWSWs6n5XxbkOLgOS6GyHLli80GDXBJMybQJ0heaM5SFBcq0sLsSNqKaMrR9VW0J/vKXV6F92fAtP3hQgRM4hXPw4Qpu4A6a0AIGBbzAG7w7z86r8zGva81Z9HYEf+R8/gC5f5MB</latexit><latexit sha1_base64="iRVGeBwj6TxV1H1e687Ve7oVLqk=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm8EiCEJJ3Oiy6MaVVLAXaEOYTE7aoZNJmJkIIdRXceNCEbc+iDvfxmmbhbb+MPDxn3M4Z/4g5Uxpx/m2KmvrG5tb1e3azu7e/oF9eNRVSSYpdGjCE9kPiALOBHQ00xz6qQQSBxx6weRmVu89glQsEQ86T8GLyUiwiFGijeXb9aFmPASc+4V7fufL6UB4vt1wms5ceBXcEhqoVNu3v4ZhQrMYhKacKDVwnVR7BZGaUQ7T2jBTkBI6ISMYGBQkBuUV8+On+NQ4IY4SaZ7QeO7+nihIrFQeB6YzJnqslmsz87/aINPRlVcwkWYaBF0sijKOdYJnSeCQSaCa5wYIlczciumYSEK1yatmQnCXv7wK3Yuma/jeabSuyziq6BidoDPkokvUQreojTqIohw9o1f0Zj1ZL9a79bForVjlTB39kfX5AxsAlGQ=</latexit><latexit sha1_base64="BUUl2LIaPS/d+QGiN2lFph2/bXI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQSiJCLosunElFewF2hAmk0k7dDIJMydCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieoFRDPBJWsDB8F6qWIkDgTrBuObab37yJTmiXyAPGVeTIaSR5wSMJZv1wbARchw7hfu2Z2vJn3p+XbdaTgz4WVwS6ijUi3f/hqECc1iJoEKonXfdVLwCqKAU8Em1UGmWUromAxZ36AkMdNeMTt+gk+ME+IoUeZJwDP390RBYq3zODCdMYGRXqxNzf9q/QyiK6/gMs2ASTpfFGUCQ4KnSeCQK0ZB5AYIVdzciumIKELB5FU1IbiLX16GznnDNXx/UW9el3FU0BE6RqfIRZeoiW5RC7URRTl6Rq/ozXqyXqx362PeumKVMzX0R9bnDxxAlGg=</latexit><latexit sha1_base64="BUUl2LIaPS/d+QGiN2lFph2/bXI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQSiJCLosunElFewF2hAmk0k7dDIJMydCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieoFRDPBJWsDB8F6qWIkDgTrBuObab37yJTmiXyAPGVeTIaSR5wSMJZv1wbARchw7hfu2Z2vJn3p+XbdaTgz4WVwS6ijUi3f/hqECc1iJoEKonXfdVLwCqKAU8Em1UGmWUromAxZ36AkMdNeMTt+gk+ME+IoUeZJwDP390RBYq3zODCdMYGRXqxNzf9q/QyiK6/gMs2ASTpfFGUCQ4KnSeCQK0ZB5AYIVdzciumIKELB5FU1IbiLX16GznnDNXx/UW9el3FU0BE6RqfIRZeoiW5RC7URRTl6Rq/ozXqyXqx362PeumKVMzX0R9bnDxxAlGg=</latexit><latexit sha1_base64="BUUl2LIaPS/d+QGiN2lFph2/bXI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQSiJCLosunElFewF2hAmk0k7dDIJMydCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieoFRDPBJWsDB8F6qWIkDgTrBuObab37yJTmiXyAPGVeTIaSR5wSMJZv1wbARchw7hfu2Z2vJn3p+XbdaTgz4WVwS6ijUi3f/hqECc1iJoEKonXfdVLwCqKAU8Em1UGmWUromAxZ36AkMdNeMTt+gk+ME+IoUeZJwDP390RBYq3zODCdMYGRXqxNzf9q/QyiK6/gMs2ASTpfFGUCQ4KnSeCQK0ZB5AYIVdzciumIKELB5FU1IbiLX16GznnDNXx/UW9el3FU0BE6RqfIRZeoiW5RC7URRTl6Rq/ozXqyXqx362PeumKVMzX0R9bnDxxAlGg=</latexit><latexit sha1_base64="BUUl2LIaPS/d+QGiN2lFph2/bXI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQSiJCLosunElFewF2hAmk0k7dDIJMydCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieoFRDPBJWsDB8F6qWIkDgTrBuObab37yJTmiXyAPGVeTIaSR5wSMJZv1wbARchw7hfu2Z2vJn3p+XbdaTgz4WVwS6ijUi3f/hqECc1iJoEKonXfdVLwCqKAU8Em1UGmWUromAxZ36AkMdNeMTt+gk+ME+IoUeZJwDP390RBYq3zODCdMYGRXqxNzf9q/QyiK6/gMs2ASTpfFGUCQ4KnSeCQK0ZB5AYIVdzciumIKELB5FU1IbiLX16GznnDNXx/UW9el3FU0BE6RqfIRZeoiW5RC7URRTl6Rq/ozXqyXqx362PeumKVMzX0R9bnDxxAlGg=</latexit><latexit sha1_base64="BUUl2LIaPS/d+QGiN2lFph2/bXI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQSiJCLosunElFewF2hAmk0k7dDIJMydCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieoFRDPBJWsDB8F6qWIkDgTrBuObab37yJTmiXyAPGVeTIaSR5wSMJZv1wbARchw7hfu2Z2vJn3p+XbdaTgz4WVwS6ijUi3f/hqECc1iJoEKonXfdVLwCqKAU8Em1UGmWUromAxZ36AkMdNeMTt+gk+ME+IoUeZJwDP390RBYq3zODCdMYGRXqxNzf9q/QyiK6/gMs2ASTpfFGUCQ4KnSeCQK0ZB5AYIVdzciumIKELB5FU1IbiLX16GznnDNXx/UW9el3FU0BE6RqfIRZeoiW5RC7URRTl6Rq/ozXqyXqx362PeumKVMzX0R9bnDxxAlGg=</latexit><latexit sha1_base64="BUUl2LIaPS/d+QGiN2lFph2/bXI=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQSiJCLosunElFewF2hAmk0k7dDIJMydCCPVV3LhQxK0P4s63cdpmoa0/DHz85xzOmT9IBdfgON/Wyura+sZmZau6vbO7t28fHHZ0kinK2jQRieoFRDPBJWsDB8F6qWIkDgTrBuObab37yJTmiXyAPGVeTIaSR5wSMJZv1wbARchw7hfu2Z2vJn3p+XbdaTgz4WVwS6ijUi3f/hqECc1iJoEKonXfdVLwCqKAU8Em1UGmWUromAxZ36AkMdNeMTt+gk+ME+IoUeZJwDP390RBYq3zODCdMYGRXqxNzf9q/QyiK6/gMs2ASTpfFGUCQ4KnSeCQK0ZB5AYIVdzciumIKELB5FU1IbiLX16GznnDNXx/UW9el3FU0BE6RqfIRZeoiW5RC7URRTl6Rq/ozXqyXqx362PeumKVMzX0R9bnDxxAlGg=</latexit>

Re{·}
<latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="jjVl58RsWiJ8KidQAXCh0CdPrb0=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3LisYh/QGUomk2lD8xiSjFLG/hQ3LhTx37jz35g+Ftp6IPBxTsK9OUnOmbFB8O1tbG5t7+xW9qr7tYPDI79e6xhVaELbRHGlewk2lDNJ25ZZTnu5plgknHaT8c0s7z5SbZiSD3aS01jgoWQZI9g6a+DXy0gLdE+nURmRVNloOvAbQTOYC61DuIQGLNUa+F9RqkghqLSEY2P6YZDbuMTaMsLptBoVhuaYjPGQ9h1KLKiJy/nqU3TmnBRlSrsjLZq7v1+UWBgzEYm7KbAdmdVsZv6X9QubXcUlk3lhqSSLQVnBkVVo1gNKmabE8okDTDRzuyIywhoT69qquhLC1S+vQ+eiGTq+C6ACJ3AK5xDCJVzDLbSgDQSe4AXe4N179l69j0VdG96yt2P4I+/zBwhvkrA=</latexit><latexit sha1_base64="jjVl58RsWiJ8KidQAXCh0CdPrb0=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3LisYh/QGUomk2lD8xiSjFLG/hQ3LhTx37jz35g+Ftp6IPBxTsK9OUnOmbFB8O1tbG5t7+xW9qr7tYPDI79e6xhVaELbRHGlewk2lDNJ25ZZTnu5plgknHaT8c0s7z5SbZiSD3aS01jgoWQZI9g6a+DXy0gLdE+nURmRVNloOvAbQTOYC61DuIQGLNUa+F9RqkghqLSEY2P6YZDbuMTaMsLptBoVhuaYjPGQ9h1KLKiJy/nqU3TmnBRlSrsjLZq7v1+UWBgzEYm7KbAdmdVsZv6X9QubXcUlk3lhqSSLQVnBkVVo1gNKmabE8okDTDRzuyIywhoT69qquhLC1S+vQ+eiGTq+C6ACJ3AK5xDCJVzDLbSgDQSe4AXe4N179l69j0VdG96yt2P4I+/zBwhvkrA=</latexit><latexit sha1_base64="R6HYJyIJfud/hegJEVf2jfhKSxA=">AAAB+nicbZC7TsMwFIadcivllsLIYlEhMVUJC4wVLIwF0YvURJXjOK1VXyLbAVUhj8LCAEKsPAkbb4PbZoCWX7L06T/n6Bz/UcqoNp737VTW1jc2t6rbtZ3dvf0Dt37Y1TJTmHSwZFL1I6QJo4J0DDWM9FNFEI8Y6UWT61m990CUplLcm2lKQo5GgiYUI2OtoVvPA8XhHSmCPMCxNEExdBte05sLroJfQgOUag/dryCWOONEGMyQ1gPfS02YI2UoZqSoBZkmKcITNCIDiwJxosN8fnoBT60Tw0Qq+4SBc/f3RI641lMe2U6OzFgv12bmf7VBZpLLMKcizQwReLEoyRg0Es5ygDFVBBs2tYCwovZWiMdIIWxsWjUbgr/85VXonjd9y7deo3VVxlEFx+AEnAEfXIAWuAFt0AEYPIJn8ArenCfnxXl3PhatFaecOQJ/5Hz+AGaslBE=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit><latexit sha1_base64="tW3MFwitAPt1HV1QUNdMl15rK04=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFNy6r2As0oUwmk3boXMLMRCkxj+LGhSJufRJ3vo3TNgtt/WHg4z/ncM78UcqoNp737aysrq1vbFa2qts7u3v7bu2go2WmMGljyaTqRUgTRgVpG2oY6aWKIB4x0o3G19N694EoTaW4N5OUhBwNBU0oRsZaA7eWB4rDO1IEeYBjaYJi4Na9hjcTXAa/hDoo1Rq4X0EsccaJMJghrfu+l5owR8pQzEhRDTJNUoTHaEj6FgXiRIf57PQCnlgnholU9gkDZ+7viRxxrSc8sp0cmZFerE3N/2r9zCSXYU5Fmhki8HxRkjFoJJzmAGOqCDZsYgFhRe2tEI+QQtjYtKo2BH/xy8vQOWv4lm/P682rMo4KOALH4BT44AI0wQ1ogTbA4BE8g1fw5jw5L8678zFvXXHKmUPwR87nD2fslBU=</latexit>

Im{·}
<latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="R79BGFeYd0MOtwqFehKz1JPpn7A=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3Oiugn1AZyiZTKYNzWNIMkoZ+1PcuFDEf+POf2P6WGjrgcDHOQn35iQ5Z8YGwbe3sbm1vbNb2avu1w4Oj/x6rWNUoQltE8WV7iXYUM4kbVtmOe3lmmKRcNpNxjezvPtItWFKPthJTmOBh5JljGDrrIFfLyMt0J2YRmVEUmWj6cBvBM1gLrQO4RIasFRr4H9FqSKFoNISjo3ph0Fu4xJrywin02pUGJpjMsZD2ncosaAmLuerT9GZc1KUKe2OtGju/n5RYmHMRCTupsB2ZFazmflf1i9sdhWXTOaFpZIsBmUFR1ahWQ8oZZoSyycOMNHM7YrICGtMrGur6koIV7+8Dp2LZuj4PoAKnMApnEMIl3ANt9CCNhB4ghd4g3fv2Xv1PhZ1bXjL3o7hj7zPHwbjkq8=</latexit><latexit sha1_base64="R79BGFeYd0MOtwqFehKz1JPpn7A=">AAAB73icbZBLSwMxFIXv+Ky16tStm2ARXJUZN7oU3Oiugn1AZyiZTKYNzWNIMkoZ+1PcuFDEf+POf2P6WGjrgcDHOQn35iQ5Z8YGwbe3sbm1vbNb2avu1w4Oj/x6rWNUoQltE8WV7iXYUM4kbVtmOe3lmmKRcNpNxjezvPtItWFKPthJTmOBh5JljGDrrIFfLyMt0J2YRmVEUmWj6cBvBM1gLrQO4RIasFRr4H9FqSKFoNISjo3ph0Fu4xJrywin02pUGJpjMsZD2ncosaAmLuerT9GZc1KUKe2OtGju/n5RYmHMRCTupsB2ZFazmflf1i9sdhWXTOaFpZIsBmUFR1ahWQ8oZZoSyycOMNHM7YrICGtMrGur6koIV7+8Dp2LZuj4PoAKnMApnEMIl3ANt9CCNhB4ghd4g3fv2Xv1PhZ1bXjL3o7hj7zPHwbjkq8=</latexit><latexit sha1_base64="ZCu3BwDi1WC9S+68iaVOHTuE2Fs=">AAAB+nicbZC7TsMwFIadcivllsLIYlEhMVUJC4wVLLAViV6kJqocx2mt+hLZDqgKeRQWBhBi5UnYeBvcNgO0/JKlT/85R+f4j1JGtfG8b6eytr6xuVXdru3s7u0fuPXDrpaZwqSDJZOqHyFNGBWkY6hhpJ8qgnjESC+aXM/qvQeiNJXi3kxTEnI0EjShGBlrDd16HigOb3kR5AGOpQmKodvwmt5ccBX8EhqgVHvofgWxxBknwmCGtB74XmrCHClDMSNFLcg0SRGeoBEZWBSIEx3m89MLeGqdGCZS2ScMnLu/J3LEtZ7yyHZyZMZ6uTYz/6sNMpNchjkVaWaIwItFScagkXCWA4ypItiwqQWEFbW3QjxGCmFj06rZEPzlL69C97zpW77zGq2rMo4qOAYn4Az44AK0wA1ogw7A4BE8g1fw5jw5L86787ForTjlzBH4I+fzB2UVlBA=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit><latexit sha1_base64="fjkRM0yZ2uq7wEANTSMdYUdZEBk=">AAAB+nicbZDLSsNAFIYnXmu9pbp0M1gEVyURQZdFN7qrYC/QhDKZTNqhcwkzE6XEPIobF4q49Unc+TZO2yy09YeBj/+cwznzRymj2njet7Oyura+sVnZqm7v7O7tu7WDjpaZwqSNJZOqFyFNGBWkbahhpJcqgnjESDcaX0/r3QeiNJXi3kxSEnI0FDShGBlrDdxaHigOb3kR5AGOpQmKgVv3Gt5McBn8EuqgVGvgfgWxxBknwmCGtO77XmrCHClDMSNFNcg0SREeoyHpWxSIEx3ms9MLeGKdGCZS2ScMnLm/J3LEtZ7wyHZyZEZ6sTY1/6v1M5NchjkVaWaIwPNFScagkXCaA4ypItiwiQWEFbW3QjxCCmFj06raEPzFLy9D56zhW747rzevyjgq4Agcg1PggwvQBDegBdoAg0fwDF7Bm/PkvDjvzse8dcUpZw7BHzmfP2ZVlBQ=</latexit>

p(b)k,1
<latexit sha1_base64="leDNkP4lV0ox904PtyN91iMYYxk=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEClJmRNBl0Y3LCvYC7VgyaaYNTTJjkimUYZ7DjQtF3Pow7nwb03YW2vpD4OM/53BO/iDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ7rbfGVGkWyQcziakv8ECykBFsrOXHj2klOMt66ejcy3qlslt1Z0LL4OVQhlz1Xumr249IIqg0hGOtO54bGz/FyjDCaVbsJprGmIzwgHYsSiyo9tPZ0Rk6tU4fhZGyTxo0c39PpFhoPRGB7RTYDPVibWr+V+skJrz2UybjxFBJ5ovChCMToWkCqM8UJYZPLGCimL0VkSFWmBibU9GG4C1+eRmaF1XP8v1luXaTx1GAYziBCnhwBTW4gzo0gMATPMMrvDlj58V5dz7mrStOPnMEf+R8/gD+lZGU</latexit><latexit sha1_base64="leDNkP4lV0ox904PtyN91iMYYxk=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEClJmRNBl0Y3LCvYC7VgyaaYNTTJjkimUYZ7DjQtF3Pow7nwb03YW2vpD4OM/53BO/iDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ7rbfGVGkWyQcziakv8ECykBFsrOXHj2klOMt66ejcy3qlslt1Z0LL4OVQhlz1Xumr249IIqg0hGOtO54bGz/FyjDCaVbsJprGmIzwgHYsSiyo9tPZ0Rk6tU4fhZGyTxo0c39PpFhoPRGB7RTYDPVibWr+V+skJrz2UybjxFBJ5ovChCMToWkCqM8UJYZPLGCimL0VkSFWmBibU9GG4C1+eRmaF1XP8v1luXaTx1GAYziBCnhwBTW4gzo0gMATPMMrvDlj58V5dz7mrStOPnMEf+R8/gD+lZGU</latexit><latexit sha1_base64="leDNkP4lV0ox904PtyN91iMYYxk=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEClJmRNBl0Y3LCvYC7VgyaaYNTTJjkimUYZ7DjQtF3Pow7nwb03YW2vpD4OM/53BO/iDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ7rbfGVGkWyQcziakv8ECykBFsrOXHj2klOMt66ejcy3qlslt1Z0LL4OVQhlz1Xumr249IIqg0hGOtO54bGz/FyjDCaVbsJprGmIzwgHYsSiyo9tPZ0Rk6tU4fhZGyTxo0c39PpFhoPRGB7RTYDPVibWr+V+skJrz2UybjxFBJ5ovChCMToWkCqM8UJYZPLGCimL0VkSFWmBibU9GG4C1+eRmaF1XP8v1luXaTx1GAYziBCnhwBTW4gzo0gMATPMMrvDlj58V5dz7mrStOPnMEf+R8/gD+lZGU</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="EKRe6PzhWVNOBsCuJMjmEhb6iVw=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiVJAy40aXghuXFewD2rFk0kwbmslMkzuFMszvcONCEf+QO/+N6WOhrQcCH+ck3JsTJFIYdN1vp7C1vbO7V9wvHZQPj44rJ+WWiVPNeJPFMtadgBouheJNFCh5J9GcRoHk7WB8P8/bU66NiNUTzhLuR3SoRCgYRWv5yXNWCy7zfja+8vJ+perW3YXIJngrqMJKjX7lqzeIWRpxhUxSY7qem6CfUY2CSZ6XeqnhCWVjOuRdi4pG3PjZYumcXFhnQMJY26OQLNzfLzIaGTOLAnszojgy69nc/C/rphje+plQSYpcseWgMJUEYzJvgAyE5gzlzAJlWthdCRtRTRnankq2BG/9y5vQuq57lh9dKMIZnEMNPLiBO3iABjSBwQRe4A3enanz6nws6yo4q95O4Y+czx+5j5A1</latexit><latexit sha1_base64="EKRe6PzhWVNOBsCuJMjmEhb6iVw=">AAAB6XicbZBLSwMxFIXv1FetVatbN8EiVJAy40aXghuXFewD2rFk0kwbmslMkzuFMszvcONCEf+QO/+N6WOhrQcCH+ck3JsTJFIYdN1vp7C1vbO7V9wvHZQPj44rJ+WWiVPNeJPFMtadgBouheJNFCh5J9GcRoHk7WB8P8/bU66NiNUTzhLuR3SoRCgYRWv5yXNWCy7zfja+8vJ+perW3YXIJngrqMJKjX7lqzeIWRpxhUxSY7qem6CfUY2CSZ6XeqnhCWVjOuRdi4pG3PjZYumcXFhnQMJY26OQLNzfLzIaGTOLAnszojgy69nc/C/rphje+plQSYpcseWgMJUEYzJvgAyE5gzlzAJlWthdCRtRTRnankq2BG/9y5vQuq57lh9dKMIZnEMNPLiBO3iABjSBwQRe4A3enanz6nws6yo4q95O4Y+czx+5j5A1</latexit><latexit sha1_base64="1eqiqsj7opZz/PWDlGGyFskGhrw=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiVJAy40aXRTcuK9gLtGPJpJk2NMmMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh2Vm9PqNIskg9mGlNf4KFkISPYWMuPH9NqcJ710/GFl/XLFbfmzoVWwcuhArka/fJXbxCRRFBpCMdadz03Nn6KlWGE06zUSzSNMRnjIe1alFhQ7afzozN0Zp0BCiNlnzRo7v6eSLHQeioC2ymwGenl2sz8r9ZNTHjtp0zGiaGSLBaFCUcmQrME0IApSgyfWsBEMXsrIiOsMDE2p5INwVv+8iq0Lmue5Xu3Ur/J4yjCCZxCFTy4gjrcQQOaQOAJnuEV3pyJ8+K8Ox+L1oKTzxzDHzmfP/1VkZA=</latexit><latexit sha1_base64="leDNkP4lV0ox904PtyN91iMYYxk=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEClJmRNBl0Y3LCvYC7VgyaaYNTTJjkimUYZ7DjQtF3Pow7nwb03YW2vpD4OM/53BO/iDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ7rbfGVGkWyQcziakv8ECykBFsrOXHj2klOMt66ejcy3qlslt1Z0LL4OVQhlz1Xumr249IIqg0hGOtO54bGz/FyjDCaVbsJprGmIzwgHYsSiyo9tPZ0Rk6tU4fhZGyTxo0c39PpFhoPRGB7RTYDPVibWr+V+skJrz2UybjxFBJ5ovChCMToWkCqM8UJYZPLGCimL0VkSFWmBibU9GG4C1+eRmaF1XP8v1luXaTx1GAYziBCnhwBTW4gzo0gMATPMMrvDlj58V5dz7mrStOPnMEf+R8/gD+lZGU</latexit><latexit sha1_base64="leDNkP4lV0ox904PtyN91iMYYxk=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEClJmRNBl0Y3LCvYC7VgyaaYNTTJjkimUYZ7DjQtF3Pow7nwb03YW2vpD4OM/53BO/iDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ7rbfGVGkWyQcziakv8ECykBFsrOXHj2klOMt66ejcy3qlslt1Z0LL4OVQhlz1Xumr249IIqg0hGOtO54bGz/FyjDCaVbsJprGmIzwgHYsSiyo9tPZ0Rk6tU4fhZGyTxo0c39PpFhoPRGB7RTYDPVibWr+V+skJrz2UybjxFBJ5ovChCMToWkCqM8UJYZPLGCimL0VkSFWmBibU9GG4C1+eRmaF1XP8v1luXaTx1GAYziBCnhwBTW4gzo0gMATPMMrvDlj58V5dz7mrStOPnMEf+R8/gD+lZGU</latexit><latexit sha1_base64="leDNkP4lV0ox904PtyN91iMYYxk=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEClJmRNBl0Y3LCvYC7VgyaaYNTTJjkimUYZ7DjQtF3Pow7nwb03YW2vpD4OM/53BO/iDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ7rbfGVGkWyQcziakv8ECykBFsrOXHj2klOMt66ejcy3qlslt1Z0LL4OVQhlz1Xumr249IIqg0hGOtO54bGz/FyjDCaVbsJprGmIzwgHYsSiyo9tPZ0Rk6tU4fhZGyTxo0c39PpFhoPRGB7RTYDPVibWr+V+skJrz2UybjxFBJ5ovChCMToWkCqM8UJYZPLGCimL0VkSFWmBibU9GG4C1+eRmaF1XP8v1luXaTx1GAYziBCnhwBTW4gzo0gMATPMMrvDlj58V5dz7mrStOPnMEf+R8/gD+lZGU</latexit><latexit sha1_base64="leDNkP4lV0ox904PtyN91iMYYxk=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEClJmRNBl0Y3LCvYC7VgyaaYNTTJjkimUYZ7DjQtF3Pow7nwb03YW2vpD4OM/53BO/iDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ7rbfGVGkWyQcziakv8ECykBFsrOXHj2klOMt66ejcy3qlslt1Z0LL4OVQhlz1Xumr249IIqg0hGOtO54bGz/FyjDCaVbsJprGmIzwgHYsSiyo9tPZ0Rk6tU4fhZGyTxo0c39PpFhoPRGB7RTYDPVibWr+V+skJrz2UybjxFBJ5ovChCMToWkCqM8UJYZPLGCimL0VkSFWmBibU9GG4C1+eRmaF1XP8v1luXaTx1GAYziBCnhwBTW4gzo0gMATPMMrvDlj58V5dz7mrStOPnMEf+R8/gD+lZGU</latexit><latexit sha1_base64="leDNkP4lV0ox904PtyN91iMYYxk=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEClJmRNBl0Y3LCvYC7VgyaaYNTTJjkimUYZ7DjQtF3Pow7nwb03YW2vpD4OM/53BO/iDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ7rbfGVGkWyQcziakv8ECykBFsrOXHj2klOMt66ejcy3qlslt1Z0LL4OVQhlz1Xumr249IIqg0hGOtO54bGz/FyjDCaVbsJprGmIzwgHYsSiyo9tPZ0Rk6tU4fhZGyTxo0c39PpFhoPRGB7RTYDPVibWr+V+skJrz2UybjxFBJ5ovChCMToWkCqM8UJYZPLGCimL0VkSFWmBibU9GG4C1+eRmaF1XP8v1luXaTx1GAYziBCnhwBTW4gzo0gMATPMMrvDlj58V5dz7mrStOPnMEf+R8/gD+lZGU</latexit><latexit sha1_base64="leDNkP4lV0ox904PtyN91iMYYxk=">AAAB9HicbZDLSgMxFIbPeK31VnXpJliEClJmRNBl0Y3LCvYC7VgyaaYNTTJjkimUYZ7DjQtF3Pow7nwb03YW2vpD4OM/53BO/iDmTBvX/XZWVtfWNzYLW8Xtnd29/dLBYVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ7rbfGVGkWyQcziakv8ECykBFsrOXHj2klOMt66ejcy3qlslt1Z0LL4OVQhlz1Xumr249IIqg0hGOtO54bGz/FyjDCaVbsJprGmIzwgHYsSiyo9tPZ0Rk6tU4fhZGyTxo0c39PpFhoPRGB7RTYDPVibWr+V+skJrz2UybjxFBJ5ovChCMToWkCqM8UJYZPLGCimL0VkSFWmBibU9GG4C1+eRmaF1XP8v1luXaTx1GAYziBCnhwBTW4gzo0gMATPMMrvDlj58V5dz7mrStOPnMEf+R8/gD+lZGU</latexit>

p(b)k,1+Nr
<latexit sha1_base64="irD6SQIaQaIrE1w+GUR2sx3HEAg=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqCglEUGXRTeupIK9QBvDZDpph04uzEyUEvMoblwo4tYncefbOG2z0NYfBj7+cw7nzO/FnEllWd9GYWl5ZXWtuF7a2Nza3jHLuy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kZXk3r7gQrJovBOjWPqBHgQMp8RrLTlmuX4Pq16R5mbjk7s4xtXZK5ZsWrWVGgR7BwqkKvhml+9fkSSgIaKcCxl17Zi5aRYKEY4zUq9RNIYkxEe0K7GEAdUOun09AwdaqeP/EjoFyo0dX9PpDiQchx4ujPAaijnaxPzv1o3Uf6Fk7IwThQNyWyRn3CkIjTJAfWZoETxsQZMBNO3IjLEAhOl0yrpEOz5Ly9C67Rma749q9Qv8ziKsA8HUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PWWvByGf24I+Mzx8SGpM3</latexit><latexit sha1_base64="irD6SQIaQaIrE1w+GUR2sx3HEAg=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqCglEUGXRTeupIK9QBvDZDpph04uzEyUEvMoblwo4tYncefbOG2z0NYfBj7+cw7nzO/FnEllWd9GYWl5ZXWtuF7a2Nza3jHLuy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kZXk3r7gQrJovBOjWPqBHgQMp8RrLTlmuX4Pq16R5mbjk7s4xtXZK5ZsWrWVGgR7BwqkKvhml+9fkSSgIaKcCxl17Zi5aRYKEY4zUq9RNIYkxEe0K7GEAdUOun09AwdaqeP/EjoFyo0dX9PpDiQchx4ujPAaijnaxPzv1o3Uf6Fk7IwThQNyWyRn3CkIjTJAfWZoETxsQZMBNO3IjLEAhOl0yrpEOz5Ly9C67Rma749q9Qv8ziKsA8HUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PWWvByGf24I+Mzx8SGpM3</latexit><latexit sha1_base64="irD6SQIaQaIrE1w+GUR2sx3HEAg=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqCglEUGXRTeupIK9QBvDZDpph04uzEyUEvMoblwo4tYncefbOG2z0NYfBj7+cw7nzO/FnEllWd9GYWl5ZXWtuF7a2Nza3jHLuy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kZXk3r7gQrJovBOjWPqBHgQMp8RrLTlmuX4Pq16R5mbjk7s4xtXZK5ZsWrWVGgR7BwqkKvhml+9fkSSgIaKcCxl17Zi5aRYKEY4zUq9RNIYkxEe0K7GEAdUOun09AwdaqeP/EjoFyo0dX9PpDiQchx4ujPAaijnaxPzv1o3Uf6Fk7IwThQNyWyRn3CkIjTJAfWZoETxsQZMBNO3IjLEAhOl0yrpEOz5Ly9C67Rma749q9Qv8ziKsA8HUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PWWvByGf24I+Mzx8SGpM3</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="YTDchBtfDAuPCacwZQ2di+1AB7s=">AAAB73icbZBPS8MwGMbfzn9zTu28egkOYaKM1oseBS+eZIL7A1staZZuYWlaklQZtR/FiwdF/Dbe/DZm3Q66+UDgx/MkvG+eIOFMacf5tkpr6xubW+Xtyk51d2/frlU7Kk4loW0S81j2AqwoZ4K2NdOc9hJJcRRw2g0m17O8+0ilYrG419OEehEeCRYygrWxfLuWPGSN4CT3s8mZe3rry9y3607TKYRWwV1AHRZq+fbXYBiTNKJCE46V6rtOor0MS80Ip3llkCqaYDLBI9o3KHBElZcVq+fo2DhDFMbSHKFR4f5+keFIqWkUmJsR1mO1nM3M/7J+qsNLL2MiSTUVZD4oTDnSMZr1gIZMUqL51AAmkpldERljiYk2bVVMCe7yl1ehc950Dd85UIZDOIIGuHABV3ADLWgDgSd4gTd4t56tV+tjXlfJWvR2AH9kff4AvBiR0g==</latexit><latexit sha1_base64="YTDchBtfDAuPCacwZQ2di+1AB7s=">AAAB73icbZBPS8MwGMbfzn9zTu28egkOYaKM1oseBS+eZIL7A1staZZuYWlaklQZtR/FiwdF/Dbe/DZm3Q66+UDgx/MkvG+eIOFMacf5tkpr6xubW+Xtyk51d2/frlU7Kk4loW0S81j2AqwoZ4K2NdOc9hJJcRRw2g0m17O8+0ilYrG419OEehEeCRYygrWxfLuWPGSN4CT3s8mZe3rry9y3607TKYRWwV1AHRZq+fbXYBiTNKJCE46V6rtOor0MS80Ip3llkCqaYDLBI9o3KHBElZcVq+fo2DhDFMbSHKFR4f5+keFIqWkUmJsR1mO1nM3M/7J+qsNLL2MiSTUVZD4oTDnSMZr1gIZMUqL51AAmkpldERljiYk2bVVMCe7yl1ehc950Dd85UIZDOIIGuHABV3ADLWgDgSd4gTd4t56tV+tjXlfJWvR2AH9kff4AvBiR0g==</latexit><latexit sha1_base64="yeDY+WuhSN8rPBFZxq2jwhAQErE=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAIFaUkbnRZdONKKtgLtDFMppN26GQSZiZKiXkUNy4UceuTuPNtnF4W2vrDwMd/zuGc+YOEM6Ud59taWl5ZXVsvbBQ3t7Z3du3SXlPFqSS0QWIey3aAFeVM0IZmmtN2IimOAk5bwfBqXG89UKlYLO70KKFehPuChYxgbSzfLiX3WSU4zv1seOqe3Pgy9+2yU3UmQovgzqAMM9V9+6vbi0kaUaEJx0p1XCfRXoalZoTTvNhNFU0wGeI+7RgUOKLKyyan5+jIOD0UxtI8odHE/T2R4UipURSYzgjrgZqvjc3/ap1UhxdexkSSairIdFGYcqRjNM4B9ZikRPORAUwkM7ciMsASE23SKpoQ3PkvL0LzrOoavnXKtctZHAU4gEOogAvnUINrqEMDCDzCM7zCm/VkvVjv1se0dcmazezDH1mfPxDakzM=</latexit><latexit sha1_base64="irD6SQIaQaIrE1w+GUR2sx3HEAg=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqCglEUGXRTeupIK9QBvDZDpph04uzEyUEvMoblwo4tYncefbOG2z0NYfBj7+cw7nzO/FnEllWd9GYWl5ZXWtuF7a2Nza3jHLuy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kZXk3r7gQrJovBOjWPqBHgQMp8RrLTlmuX4Pq16R5mbjk7s4xtXZK5ZsWrWVGgR7BwqkKvhml+9fkSSgIaKcCxl17Zi5aRYKEY4zUq9RNIYkxEe0K7GEAdUOun09AwdaqeP/EjoFyo0dX9PpDiQchx4ujPAaijnaxPzv1o3Uf6Fk7IwThQNyWyRn3CkIjTJAfWZoETxsQZMBNO3IjLEAhOl0yrpEOz5Ly9C67Rma749q9Qv8ziKsA8HUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PWWvByGf24I+Mzx8SGpM3</latexit><latexit sha1_base64="irD6SQIaQaIrE1w+GUR2sx3HEAg=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqCglEUGXRTeupIK9QBvDZDpph04uzEyUEvMoblwo4tYncefbOG2z0NYfBj7+cw7nzO/FnEllWd9GYWl5ZXWtuF7a2Nza3jHLuy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kZXk3r7gQrJovBOjWPqBHgQMp8RrLTlmuX4Pq16R5mbjk7s4xtXZK5ZsWrWVGgR7BwqkKvhml+9fkSSgIaKcCxl17Zi5aRYKEY4zUq9RNIYkxEe0K7GEAdUOun09AwdaqeP/EjoFyo0dX9PpDiQchx4ujPAaijnaxPzv1o3Uf6Fk7IwThQNyWyRn3CkIjTJAfWZoETxsQZMBNO3IjLEAhOl0yrpEOz5Ly9C67Rma749q9Qv8ziKsA8HUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PWWvByGf24I+Mzx8SGpM3</latexit><latexit sha1_base64="irD6SQIaQaIrE1w+GUR2sx3HEAg=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqCglEUGXRTeupIK9QBvDZDpph04uzEyUEvMoblwo4tYncefbOG2z0NYfBj7+cw7nzO/FnEllWd9GYWl5ZXWtuF7a2Nza3jHLuy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kZXk3r7gQrJovBOjWPqBHgQMp8RrLTlmuX4Pq16R5mbjk7s4xtXZK5ZsWrWVGgR7BwqkKvhml+9fkSSgIaKcCxl17Zi5aRYKEY4zUq9RNIYkxEe0K7GEAdUOun09AwdaqeP/EjoFyo0dX9PpDiQchx4ujPAaijnaxPzv1o3Uf6Fk7IwThQNyWyRn3CkIjTJAfWZoETxsQZMBNO3IjLEAhOl0yrpEOz5Ly9C67Rma749q9Qv8ziKsA8HUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PWWvByGf24I+Mzx8SGpM3</latexit><latexit sha1_base64="irD6SQIaQaIrE1w+GUR2sx3HEAg=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqCglEUGXRTeupIK9QBvDZDpph04uzEyUEvMoblwo4tYncefbOG2z0NYfBj7+cw7nzO/FnEllWd9GYWl5ZXWtuF7a2Nza3jHLuy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kZXk3r7gQrJovBOjWPqBHgQMp8RrLTlmuX4Pq16R5mbjk7s4xtXZK5ZsWrWVGgR7BwqkKvhml+9fkSSgIaKcCxl17Zi5aRYKEY4zUq9RNIYkxEe0K7GEAdUOun09AwdaqeP/EjoFyo0dX9PpDiQchx4ujPAaijnaxPzv1o3Uf6Fk7IwThQNyWyRn3CkIjTJAfWZoETxsQZMBNO3IjLEAhOl0yrpEOz5Ly9C67Rma749q9Qv8ziKsA8HUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PWWvByGf24I+Mzx8SGpM3</latexit><latexit sha1_base64="irD6SQIaQaIrE1w+GUR2sx3HEAg=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqCglEUGXRTeupIK9QBvDZDpph04uzEyUEvMoblwo4tYncefbOG2z0NYfBj7+cw7nzO/FnEllWd9GYWl5ZXWtuF7a2Nza3jHLuy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kZXk3r7gQrJovBOjWPqBHgQMp8RrLTlmuX4Pq16R5mbjk7s4xtXZK5ZsWrWVGgR7BwqkKvhml+9fkSSgIaKcCxl17Zi5aRYKEY4zUq9RNIYkxEe0K7GEAdUOun09AwdaqeP/EjoFyo0dX9PpDiQchx4ujPAaijnaxPzv1o3Uf6Fk7IwThQNyWyRn3CkIjTJAfWZoETxsQZMBNO3IjLEAhOl0yrpEOz5Ly9C67Rma749q9Qv8ziKsA8HUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PWWvByGf24I+Mzx8SGpM3</latexit><latexit sha1_base64="irD6SQIaQaIrE1w+GUR2sx3HEAg=">AAAB+nicbZDLSsNAFIZP6q3WW6pLN4NFqCglEUGXRTeupIK9QBvDZDpph04uzEyUEvMoblwo4tYncefbOG2z0NYfBj7+cw7nzO/FnEllWd9GYWl5ZXWtuF7a2Nza3jHLuy0ZJYLQJol4JDoelpSzkDYVU5x2YkFx4HHa9kZXk3r7gQrJovBOjWPqBHgQMp8RrLTlmuX4Pq16R5mbjk7s4xtXZK5ZsWrWVGgR7BwqkKvhml+9fkSSgIaKcCxl17Zi5aRYKEY4zUq9RNIYkxEe0K7GEAdUOun09AwdaqeP/EjoFyo0dX9PpDiQchx4ujPAaijnaxPzv1o3Uf6Fk7IwThQNyWyRn3CkIjTJAfWZoETxsQZMBNO3IjLEAhOl0yrpEOz5Ly9C67Rma749q9Qv8ziKsA8HUAUbzqEO19CAJhB4hGd4hTfjyXgx3o2PWWvByGf24I+Mzx8SGpM3</latexit>

learning

learning

Active in pilot transmission phase

d̄1[n] ⇠ CN (0,�2)
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s̄Nu [n]
<latexit sha1_base64="2c1mMPVY0eNiqFBSWOh39fvtZP4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNBl0Y0rqWAv0IYwmU7aoZNJmItQQ5/EjQtF3Poo7nwbp20W2vrDwMd/zuGc+aOMM6U979spra1vbG6Vtys7u3v7VffgsK1SIwltkZSnshthRTkTtKWZ5rSbSYqTiNNONL6Z1TuPVCqWigc9yWiQ4KFgMSNYWyt0q/0IS6TC/C40054IQrfm1b250Cr4BdSgUDN0v/qDlJiECk04Vqrne5kOciw1I5xOK32jaIbJGA9pz6LACVVBPj98ik6tM0BxKu0TGs3d3xM5TpSaJJHtTLAeqeXazPyv1jM6vgpyJjKjqSCLRbHhSKdolgIaMEmJ5hMLmEhmb0VkhCUm2mZVsSH4y19ehfZ53bd8f1FrXBdxlOEYTuAMfLiEBtxCE1pAwMAzvMKb8+S8OO/Ox6K15BQzR/BHzucPkKGTBA==</latexit><latexit sha1_base64="2c1mMPVY0eNiqFBSWOh39fvtZP4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNBl0Y0rqWAv0IYwmU7aoZNJmItQQ5/EjQtF3Poo7nwbp20W2vrDwMd/zuGc+aOMM6U979spra1vbG6Vtys7u3v7VffgsK1SIwltkZSnshthRTkTtKWZ5rSbSYqTiNNONL6Z1TuPVCqWigc9yWiQ4KFgMSNYWyt0q/0IS6TC/C40054IQrfm1b250Cr4BdSgUDN0v/qDlJiECk04Vqrne5kOciw1I5xOK32jaIbJGA9pz6LACVVBPj98ik6tM0BxKu0TGs3d3xM5TpSaJJHtTLAeqeXazPyv1jM6vgpyJjKjqSCLRbHhSKdolgIaMEmJ5hMLmEhmb0VkhCUm2mZVsSH4y19ehfZ53bd8f1FrXBdxlOEYTuAMfLiEBtxCE1pAwMAzvMKb8+S8OO/Ox6K15BQzR/BHzucPkKGTBA==</latexit><latexit sha1_base64="2c1mMPVY0eNiqFBSWOh39fvtZP4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNBl0Y0rqWAv0IYwmU7aoZNJmItQQ5/EjQtF3Poo7nwbp20W2vrDwMd/zuGc+aOMM6U979spra1vbG6Vtys7u3v7VffgsK1SIwltkZSnshthRTkTtKWZ5rSbSYqTiNNONL6Z1TuPVCqWigc9yWiQ4KFgMSNYWyt0q/0IS6TC/C40054IQrfm1b250Cr4BdSgUDN0v/qDlJiECk04Vqrne5kOciw1I5xOK32jaIbJGA9pz6LACVVBPj98ik6tM0BxKu0TGs3d3xM5TpSaJJHtTLAeqeXazPyv1jM6vgpyJjKjqSCLRbHhSKdolgIaMEmJ5hMLmEhmb0VkhCUm2mZVsSH4y19ehfZ53bd8f1FrXBdxlOEYTuAMfLiEBtxCE1pAwMAzvMKb8+S8OO/Ox6K15BQzR/BHzucPkKGTBA==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="aYQ1OPhFHMBQtSKgsur/73k1ivQ=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MaVVLAPmA5DJs20oUlmyEOoQ3+JGxeK+Hfc+W9MHwttPRD4OCfh3py04EybIPj2KlvbO7t71f3aQf3wqOEf17s6t4rQDsl5rvop1pQzSTuGGU77haJYpJz20sntPO89UaVZLh/NtKCxwCPJMkawcVbiNwYpVkgn5X1iZ5GME78ZtIKF0CaEK2jCSu3E/xoMc2IFlYZwrHUUBoWJS6wMI5zOagOraYHJBI9o5FBiQXVcLhafoXPnDFGWK3ekQQv394sSC62nInU3BTZjvZ7Nzf+yyJrsOi6ZLKyhkiwHZZYjk6N5C2jIFCWGTx1gopjbFZExVpgY11XNlRCuf3kTupet0PFDAFU4hTO4gBCu4AbuoA0dIGDhBd7g3Xv2Xr2PZV0Vb9XbCfyR9/kDPIORoQ==</latexit><latexit sha1_base64="aYQ1OPhFHMBQtSKgsur/73k1ivQ=">AAAB7XicbZBLSwMxFIXv1Fet1Y5u3QSL4KrMuNGl4MaVVLAPmA5DJs20oUlmyEOoQ3+JGxeK+Hfc+W9MHwttPRD4OCfh3py04EybIPj2KlvbO7t71f3aQf3wqOEf17s6t4rQDsl5rvop1pQzSTuGGU77haJYpJz20sntPO89UaVZLh/NtKCxwCPJMkawcVbiNwYpVkgn5X1iZ5GME78ZtIKF0CaEK2jCSu3E/xoMc2IFlYZwrHUUBoWJS6wMI5zOagOraYHJBI9o5FBiQXVcLhafoXPnDFGWK3ekQQv394sSC62nInU3BTZjvZ7Nzf+yyJrsOi6ZLKyhkiwHZZYjk6N5C2jIFCWGTx1gopjbFZExVpgY11XNlRCuf3kTupet0PFDAFU4hTO4gBCu4AbuoA0dIGDhBd7g3Xv2Xr2PZV0Vb9XbCfyR9/kDPIORoQ==</latexit><latexit sha1_base64="mNa8vxqzHJamcyivE0JF2vuCbSo=">AAAB+HicbZDLSsNAFIZPvNZ6adSlm8EiuCqJG10W3biSCvYCaQiT6aQdOpmEuQg19EncuFDErY/izrdx2mahrT8MfPznHM6ZP845U9rzvp219Y3Nre3KTnV3b/+g5h4edVRmJKFtkvFM9mKsKGeCtjXTnPZySXEac9qNxzezeveRSsUy8aAnOQ1TPBQsYQRra0VurR9jiVRU3EVmGogwcutew5sLrYJfQh1KtSL3qz/IiEmp0IRjpQLfy3VYYKkZ4XRa7RtFc0zGeEgDiwKnVIXF/PApOrPOACWZtE9oNHd/TxQ4VWqSxrYzxXqklmsz879aYHRyFRZM5EZTQRaLEsORztAsBTRgkhLNJxYwkczeisgIS0y0zapqQ/CXv7wKnYuGb/neqzevyzgqcAKncA4+XEITbqEFbSBg4Ble4c15cl6cd+dj0brmlDPH8EfO5w+PYZMA</latexit><latexit sha1_base64="2c1mMPVY0eNiqFBSWOh39fvtZP4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNBl0Y0rqWAv0IYwmU7aoZNJmItQQ5/EjQtF3Poo7nwbp20W2vrDwMd/zuGc+aOMM6U979spra1vbG6Vtys7u3v7VffgsK1SIwltkZSnshthRTkTtKWZ5rSbSYqTiNNONL6Z1TuPVCqWigc9yWiQ4KFgMSNYWyt0q/0IS6TC/C40054IQrfm1b250Cr4BdSgUDN0v/qDlJiECk04Vqrne5kOciw1I5xOK32jaIbJGA9pz6LACVVBPj98ik6tM0BxKu0TGs3d3xM5TpSaJJHtTLAeqeXazPyv1jM6vgpyJjKjqSCLRbHhSKdolgIaMEmJ5hMLmEhmb0VkhCUm2mZVsSH4y19ehfZ53bd8f1FrXBdxlOEYTuAMfLiEBtxCE1pAwMAzvMKb8+S8OO/Ox6K15BQzR/BHzucPkKGTBA==</latexit><latexit sha1_base64="2c1mMPVY0eNiqFBSWOh39fvtZP4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNBl0Y0rqWAv0IYwmU7aoZNJmItQQ5/EjQtF3Poo7nwbp20W2vrDwMd/zuGc+aOMM6U979spra1vbG6Vtys7u3v7VffgsK1SIwltkZSnshthRTkTtKWZ5rSbSYqTiNNONL6Z1TuPVCqWigc9yWiQ4KFgMSNYWyt0q/0IS6TC/C40054IQrfm1b250Cr4BdSgUDN0v/qDlJiECk04Vqrne5kOciw1I5xOK32jaIbJGA9pz6LACVVBPj98ik6tM0BxKu0TGs3d3xM5TpSaJJHtTLAeqeXazPyv1jM6vgpyJjKjqSCLRbHhSKdolgIaMEmJ5hMLmEhmb0VkhCUm2mZVsSH4y19ehfZ53bd8f1FrXBdxlOEYTuAMfLiEBtxCE1pAwMAzvMKb8+S8OO/Ox6K15BQzR/BHzucPkKGTBA==</latexit><latexit sha1_base64="2c1mMPVY0eNiqFBSWOh39fvtZP4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNBl0Y0rqWAv0IYwmU7aoZNJmItQQ5/EjQtF3Poo7nwbp20W2vrDwMd/zuGc+aOMM6U979spra1vbG6Vtys7u3v7VffgsK1SIwltkZSnshthRTkTtKWZ5rSbSYqTiNNONL6Z1TuPVCqWigc9yWiQ4KFgMSNYWyt0q/0IS6TC/C40054IQrfm1b250Cr4BdSgUDN0v/qDlJiECk04Vqrne5kOciw1I5xOK32jaIbJGA9pz6LACVVBPj98ik6tM0BxKu0TGs3d3xM5TpSaJJHtTLAeqeXazPyv1jM6vgpyJjKjqSCLRbHhSKdolgIaMEmJ5hMLmEhmb0VkhCUm2mZVsSH4y19ehfZ53bd8f1FrXBdxlOEYTuAMfLiEBtxCE1pAwMAzvMKb8+S8OO/Ox6K15BQzR/BHzucPkKGTBA==</latexit><latexit sha1_base64="2c1mMPVY0eNiqFBSWOh39fvtZP4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNBl0Y0rqWAv0IYwmU7aoZNJmItQQ5/EjQtF3Poo7nwbp20W2vrDwMd/zuGc+aOMM6U979spra1vbG6Vtys7u3v7VffgsK1SIwltkZSnshthRTkTtKWZ5rSbSYqTiNNONL6Z1TuPVCqWigc9yWiQ4KFgMSNYWyt0q/0IS6TC/C40054IQrfm1b250Cr4BdSgUDN0v/qDlJiECk04Vqrne5kOciw1I5xOK32jaIbJGA9pz6LACVVBPj98ik6tM0BxKu0TGs3d3xM5TpSaJJHtTLAeqeXazPyv1jM6vgpyJjKjqSCLRbHhSKdolgIaMEmJ5hMLmEhmb0VkhCUm2mZVsSH4y19ehfZ53bd8f1FrXBdxlOEYTuAMfLiEBtxCE1pAwMAzvMKb8+S8OO/Ox6K15BQzR/BHzucPkKGTBA==</latexit><latexit sha1_base64="2c1mMPVY0eNiqFBSWOh39fvtZP4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNBl0Y0rqWAv0IYwmU7aoZNJmItQQ5/EjQtF3Poo7nwbp20W2vrDwMd/zuGc+aOMM6U979spra1vbG6Vtys7u3v7VffgsK1SIwltkZSnshthRTkTtKWZ5rSbSYqTiNNONL6Z1TuPVCqWigc9yWiQ4KFgMSNYWyt0q/0IS6TC/C40054IQrfm1b250Cr4BdSgUDN0v/qDlJiECk04Vqrne5kOciw1I5xOK32jaIbJGA9pz6LACVVBPj98ik6tM0BxKu0TGs3d3xM5TpSaJJHtTLAeqeXazPyv1jM6vgpyJjKjqSCLRbHhSKdolgIaMEmJ5hMLmEhmb0VkhCUm2mZVsSH4y19ehfZ53bd8f1FrXBdxlOEYTuAMfLiEBtxCE1pAwMAzvMKb8+S8OO/Ox6K15BQzR/BHzucPkKGTBA==</latexit><latexit sha1_base64="2c1mMPVY0eNiqFBSWOh39fvtZP4=">AAAB+HicbZDLSsNAFIZP6q3WS6Mu3QwWwVVJRNBl0Y0rqWAv0IYwmU7aoZNJmItQQ5/EjQtF3Poo7nwbp20W2vrDwMd/zuGc+aOMM6U979spra1vbG6Vtys7u3v7VffgsK1SIwltkZSnshthRTkTtKWZ5rSbSYqTiNNONL6Z1TuPVCqWigc9yWiQ4KFgMSNYWyt0q/0IS6TC/C40054IQrfm1b250Cr4BdSgUDN0v/qDlJiECk04Vqrne5kOciw1I5xOK32jaIbJGA9pz6LACVVBPj98ik6tM0BxKu0TGs3d3xM5TpSaJJHtTLAeqeXazPyv1jM6vgpyJjKjqSCLRbHhSKdolgIaMEmJ5hMLmEhmb0VkhCUm2mZVsSH4y19ehfZ53bd8f1FrXBdxlOEYTuAMfLiEBtxCE1pAwMAzvMKb8+S8OO/Ox6K15BQzR/BHzucPkKGTBA==</latexit>

…

§ Maximum likelihood detection
• Add dithering to robustly  learn likelihood probability

Proposed Method vs. other 1-Bit Detectors

Training length: Ntr = 50

(32 BS antennas, 4 users, 4-QAM, 1-bit ADCs, Rayleigh fading)



Receiver: 1-Bit Detection without Channel State Information
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q Future work
§ 1-bit detection with coded MIMO system

• Computation of soft metric (e.g., log likelihood ratio)
: uses subset of likelihood probability

!"#$ %$&
' ( )

= log
∏/∈1 2,4

5 ∏678
9:; <%/,6

8 = >6 # ?& @ <%/,6
A8 = >6 # ?$&

∏/∈1 2,8
5 ∏678

9:; <%/,6
8 = >6 # ?& @ <%/,6

A8 = >6 # ?$&

1 %,B
' = C

D∈ E,& F, G25?B

H: J' = K D

where
L ∈ 1,… ,O'
K:P − QAMmodulation
\ = log] P
^ ∈ 1,… ,\

LLR computation Subset of Collected symbols

§ Successive Interference Cancellation 
• Detection of next bit
• Computation over refined subset

: reduces size of subset
: removes detection ambiguity (improves accuracy)

1 %,B|D̀ab
' = C

D∈ E,& F, G2c?B
D2c?D̀2c

H: J' = K D
where

Refined subset

D%# = d&&, … , d%&, d&], … , d%$&'

Subset filtering by SIC



User Scheduling in Coarse Quantization System
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q Summary

+

+
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ŝ1
<latexit sha1_base64="1gmWXp+o9FN4u29MEWNsLahEpN4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJSLBKFqp3R1SJKbn9ao1t+7OQJaJV5AaFGj2ql/dfsKymCtkkhrT8dwUg5xqFEzySaWbGZ5SNqID3rFU0ZibIJ/dOyEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfGEh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8Ac4Cj1k=</latexit><latexit sha1_base64="1gmWXp+o9FN4u29MEWNsLahEpN4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJSLBKFqp3R1SJKbn9ao1t+7OQJaJV5AaFGj2ql/dfsKymCtkkhrT8dwUg5xqFEzySaWbGZ5SNqID3rFU0ZibIJ/dOyEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfGEh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8Ac4Cj1k=</latexit><latexit sha1_base64="1gmWXp+o9FN4u29MEWNsLahEpN4=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsN+3SzSbuToQS+ie8eFDx6u/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88mCTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LRzdRvPXFtRKLucZzyIKYDJSLBKFqp3R1SJKbn9ao1t+7OQJaJV5AaFGj2ql/dfsKymCtkkhrT8dwUg5xqFEzySaWbGZ5SNqID3rFU0ZibIJ/dOyEnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2oYkPwFl9eJv5Z/aru3p3XGtdFGmU4gmM4BQ8uoAG30AQfGEh4hld4cx6dF+fd+Zi3lpxi5hD+wPn8Ac4Cj1k=</latexit>

ŝ2
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WBB
<latexit sha1_base64="UxftotvJzu5cCfrzl3m5CMGYFOA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjxWMLbQxLLZbtqlu5uwu1FK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU/99iNVmiXyzoxTGgo8kCxmBBsrPQRRjNq9PFACNZuTXrXm1t0Z0DLxClKDAq1e9SvoJyQTVBrCsdZdz01NmGNlGOF0UgkyTVNMRnhAu5ZKLKgO89nVE3RilT6KE2VLGjRTf0/kWGg9FpHtFNgM9aI3Ff/zupmJL8OcyTQzVJL5ojjjyCRoGgHqM0WJ4WNLMFHM3orIECtMjA2qYkPwFl9eJv5Z/aru3Z7XGs0ijTIcwTGcggcX0IAbaIEPBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+AOdLkas=</latexit><latexit sha1_base64="UxftotvJzu5cCfrzl3m5CMGYFOA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjxWMLbQxLLZbtqlu5uwu1FK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU/99iNVmiXyzoxTGgo8kCxmBBsrPQRRjNq9PFACNZuTXrXm1t0Z0DLxClKDAq1e9SvoJyQTVBrCsdZdz01NmGNlGOF0UgkyTVNMRnhAu5ZKLKgO89nVE3RilT6KE2VLGjRTf0/kWGg9FpHtFNgM9aI3Ff/zupmJL8OcyTQzVJL5ojjjyCRoGgHqM0WJ4WNLMFHM3orIECtMjA2qYkPwFl9eJv5Z/aru3Z7XGs0ijTIcwTGcggcX0IAbaIEPBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+AOdLkas=</latexit><latexit sha1_base64="UxftotvJzu5cCfrzl3m5CMGYFOA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjxWMLbQxLLZbtqlu5uwu1FK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU/99iNVmiXyzoxTGgo8kCxmBBsrPQRRjNq9PFACNZuTXrXm1t0Z0DLxClKDAq1e9SvoJyQTVBrCsdZdz01NmGNlGOF0UgkyTVNMRnhAu5ZKLKgO89nVE3RilT6KE2VLGjRTf0/kWGg9FpHtFNgM9aI3Ff/zupmJL8OcyTQzVJL5ojjjyCRoGgHqM0WJ4WNLMFHM3orIECtMjA2qYkPwFl9eJv5Z/aru3Z7XGs0ijTIcwTGcggcX0IAbaIEPBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+AOdLkas=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="SMMttl1BwKwIKecJTNh3TTtlBDo=">AAAB6XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UndeOygmML7VgyaaYNTTJDckcpQ9/DjQsVX8idb2P6s9DWA4GPcxLuzYkzKSz6/re3tr6xubVd2invVvb2D6qHlQeb5obxkKUyNe2YWi6F5iEKlLydGU5VLHkrHt1M89YTN1ak+h7HGY8UHWiRCEbRWY/dOCGtXtE1ijQak1615tf9mcgqBAuowULNXvWr209ZrrhGJqm1ncDPMCqoQcEkn5S7ueUZZSM64B2Hmipuo2K29YScOqdPktS4o5HM3N8vCqqsHavY3VQUh3Y5m5r/ZZ0ck8uoEDrLkWs2H5TkkmBKphWQvjCcoRw7oMwItythQ2ooQ1dU2ZUQLH95FcLz+lU9uPOhBMdwAmcQwAVcwy00IQQGBl7gDd69Z+/V+5i3teYtajuCP/I+fwChfpBM</latexit><latexit sha1_base64="SMMttl1BwKwIKecJTNh3TTtlBDo=">AAAB6XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UndeOygmML7VgyaaYNTTJDckcpQ9/DjQsVX8idb2P6s9DWA4GPcxLuzYkzKSz6/re3tr6xubVd2invVvb2D6qHlQeb5obxkKUyNe2YWi6F5iEKlLydGU5VLHkrHt1M89YTN1ak+h7HGY8UHWiRCEbRWY/dOCGtXtE1ijQak1615tf9mcgqBAuowULNXvWr209ZrrhGJqm1ncDPMCqoQcEkn5S7ueUZZSM64B2Hmipuo2K29YScOqdPktS4o5HM3N8vCqqsHavY3VQUh3Y5m5r/ZZ0ck8uoEDrLkWs2H5TkkmBKphWQvjCcoRw7oMwItythQ2ooQ1dU2ZUQLH95FcLz+lU9uPOhBMdwAmcQwAVcwy00IQQGBl7gDd69Z+/V+5i3teYtajuCP/I+fwChfpBM</latexit><latexit sha1_base64="PmNN0NcFL78170XVyz4iGTSkl7A=">AAAB9HicbVBNT8JAEJ3iF+IX6tHLRmLiibRexBvBi0dMrJDQSrbLFjbsbpvdrYY0/A8vHtR49cd489+4QA8KvmSSl/dmMjMvSjnTxnW/ndLa+sbmVnm7srO7t39QPTy610mmCPVJwhPVjbCmnEnqG2Y47aaKYhFx2onG1zO/80iVZom8M5OUhgIPJYsZwcZKD0EUo04/D5RArda0X625dXcOtEq8gtSgQLtf/QoGCckElYZwrHXPc1MT5lgZRjidVoJM0xSTMR7SnqUSC6rDfH71FJ1ZZYDiRNmSBs3V3xM5FlpPRGQ7BTYjvezNxP+8XmbiRpgzmWaGSrJYFGccmQTNIkADpigxfGIJJorZWxEZYYWJsUFVbAje8surxL+oX9W9W7fWbBVplOEETuEcPLiEJtxAG3wgoOAZXuHNeXJenHfnY9FacoqZY/gD5/MH5guRpw==</latexit><latexit sha1_base64="UxftotvJzu5cCfrzl3m5CMGYFOA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjxWMLbQxLLZbtqlu5uwu1FK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU/99iNVmiXyzoxTGgo8kCxmBBsrPQRRjNq9PFACNZuTXrXm1t0Z0DLxClKDAq1e9SvoJyQTVBrCsdZdz01NmGNlGOF0UgkyTVNMRnhAu5ZKLKgO89nVE3RilT6KE2VLGjRTf0/kWGg9FpHtFNgM9aI3Ff/zupmJL8OcyTQzVJL5ojjjyCRoGgHqM0WJ4WNLMFHM3orIECtMjA2qYkPwFl9eJv5Z/aru3Z7XGs0ijTIcwTGcggcX0IAbaIEPBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+AOdLkas=</latexit><latexit sha1_base64="UxftotvJzu5cCfrzl3m5CMGYFOA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjxWMLbQxLLZbtqlu5uwu1FK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU/99iNVmiXyzoxTGgo8kCxmBBsrPQRRjNq9PFACNZuTXrXm1t0Z0DLxClKDAq1e9SvoJyQTVBrCsdZdz01NmGNlGOF0UgkyTVNMRnhAu5ZKLKgO89nVE3RilT6KE2VLGjRTf0/kWGg9FpHtFNgM9aI3Ff/zupmJL8OcyTQzVJL5ojjjyCRoGgHqM0WJ4WNLMFHM3orIECtMjA2qYkPwFl9eJv5Z/aru3Z7XGs0ijTIcwTGcggcX0IAbaIEPBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+AOdLkas=</latexit><latexit sha1_base64="UxftotvJzu5cCfrzl3m5CMGYFOA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjxWMLbQxLLZbtqlu5uwu1FK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU/99iNVmiXyzoxTGgo8kCxmBBsrPQRRjNq9PFACNZuTXrXm1t0Z0DLxClKDAq1e9SvoJyQTVBrCsdZdz01NmGNlGOF0UgkyTVNMRnhAu5ZKLKgO89nVE3RilT6KE2VLGjRTf0/kWGg9FpHtFNgM9aI3Ff/zupmJL8OcyTQzVJL5ojjjyCRoGgHqM0WJ4WNLMFHM3orIECtMjA2qYkPwFl9eJv5Z/aru3Z7XGs0ijTIcwTGcggcX0IAbaIEPBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+AOdLkas=</latexit><latexit sha1_base64="UxftotvJzu5cCfrzl3m5CMGYFOA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjxWMLbQxLLZbtqlu5uwu1FK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU/99iNVmiXyzoxTGgo8kCxmBBsrPQRRjNq9PFACNZuTXrXm1t0Z0DLxClKDAq1e9SvoJyQTVBrCsdZdz01NmGNlGOF0UgkyTVNMRnhAu5ZKLKgO89nVE3RilT6KE2VLGjRTf0/kWGg9FpHtFNgM9aI3Ff/zupmJL8OcyTQzVJL5ojjjyCRoGgHqM0WJ4WNLMFHM3orIECtMjA2qYkPwFl9eJv5Z/aru3Z7XGs0ijTIcwTGcggcX0IAbaIEPBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+AOdLkas=</latexit><latexit sha1_base64="UxftotvJzu5cCfrzl3m5CMGYFOA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjxWMLbQxLLZbtqlu5uwu1FK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU/99iNVmiXyzoxTGgo8kCxmBBsrPQRRjNq9PFACNZuTXrXm1t0Z0DLxClKDAq1e9SvoJyQTVBrCsdZdz01NmGNlGOF0UgkyTVNMRnhAu5ZKLKgO89nVE3RilT6KE2VLGjRTf0/kWGg9FpHtFNgM9aI3Ff/zupmJL8OcyTQzVJL5ojjjyCRoGgHqM0WJ4WNLMFHM3orIECtMjA2qYkPwFl9eJv5Z/aru3Z7XGs0ijTIcwTGcggcX0IAbaIEPBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+AOdLkas=</latexit><latexit sha1_base64="UxftotvJzu5cCfrzl3m5CMGYFOA=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG+lXjxWMLbQxLLZbtqlu5uwu1FK6P/w4kHFqz/Gm//GbZuDtj4YeLw3w8y8KOVMG9f9dkorq2vrG+XNytb2zu5edf/gXieZItQnCU9UJ8Kaciapb5jhtJMqikXEaTsaXU/99iNVmiXyzoxTGgo8kCxmBBsrPQRRjNq9PFACNZuTXrXm1t0Z0DLxClKDAq1e9SvoJyQTVBrCsdZdz01NmGNlGOF0UgkyTVNMRnhAu5ZKLKgO89nVE3RilT6KE2VLGjRTf0/kWGg9FpHtFNgM9aI3Ff/zupmJL8OcyTQzVJL5ojjjyCRoGgHqM0WJ4WNLMFHM3orIECtMjA2qYkPwFl9eJv5Z/aru3Z7XGs0ijTIcwTGcggcX0IAbaIEPBBQ8wyu8OU/Oi/PufMxbS04xcwh/4Hz+AOdLkas=</latexit>

minimize error

1. Unique AoAs
2. Equal power spread

minimize k[Hb]i,:k2
<latexit sha1_base64="DJhLIb9TilasECmCXmSieoBbrtY="></latexit><latexit sha1_base64="DJhLIb9TilasECmCXmSieoBbrtY="></latexit><latexit sha1_base64="DJhLIb9TilasECmCXmSieoBbrtY="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="OvI7vfzhXc1ccfgHLAM3x+SYqmM=">AAACC3icbZDNTtwwFIVvBmhhCu2ULRsLVKmLKkpm059VpW5mCRIDSEmIHM8NWNhOZN9UnWbyFt30Vbph0SL27HgbPMMs+OmRLH06x9b1PUWtpKMoug16K6trL16ub/RfbW69fjN4u3nkqsYKHItKVfak4A6VNDgmSQpPaotcFwqPi4tv8/z4O1onK3NI0xozzc+MLKXg5K18EKaEP6jV0kgtfyLrWDpL2rQo2ajL29RqVnRZ3soPX7p0djrMB3tRGC3EnkO8hD1Yaj8f3KSTSjQaDQnFnUviqKas5ZakUNj108ZhzcUFP8PEo+EaXdYu9urYO+9MWFlZfwyxhfvwRcu1c1Nd+Jua07l7ms3N/2VJQ+WnrJWmbgiNuB9UNopRxeYlsYm0KEhNPXBhpf8rE+fcckG+yr4vIX668nMYD8PPYXwQwTrswC68hxg+wlcYwT6MQcAv+AN/4V/wO7gMru7b6gXL2rbhkYLrO7l0njs=</latexit><latexit sha1_base64="t3n41QhL4S51O+vnVD319p1IeTs="></latexit><latexit sha1_base64="W7X2NnkhuhZxkh0ftDLUcJ/O9RI="></latexit><latexit sha1_base64="DJhLIb9TilasECmCXmSieoBbrtY="></latexit><latexit sha1_base64="DJhLIb9TilasECmCXmSieoBbrtY="></latexit><latexit sha1_base64="DJhLIb9TilasECmCXmSieoBbrtY="></latexit><latexit sha1_base64="DJhLIb9TilasECmCXmSieoBbrtY="></latexit><latexit sha1_base64="DJhLIb9TilasECmCXmSieoBbrtY="></latexit><latexit sha1_base64="DJhLIb9TilasECmCXmSieoBbrtY="></latexit>

Channel Hb

hb,1
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hb,3
<latexit sha1_base64="LxC+YteVM10jPVIQpKdfpUq7F70=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICVRQb0VvXisYGyhCWGz3bRLdzdhdyOEEP+KFw8qXv0j3vw3btsctPXBwOO9GWbmRSmjSjvOt7W0vLK6tl7bqG9ube/s2nv7DyrJJCYeTlgiexFShFFBPE01I71UEsQjRrrR+Gbidx+JVDQR9zpPScDRUNCYYqSNFNqNwo9iOCrDovAlh1F5claGdtNpOVPAReJWpAkqdEL7yx8kOONEaMyQUn3XSXVQIKkpZqSs+5kiKcJjNCR9QwXiRAXF9PgSHhllAONEmhIaTtXfEwXiSuU8Mp0c6ZGa9ybif14/0/FlUFCRZpoIPFsUZwzqBE6SgAMqCdYsNwRhSc2tEI+QRFibvOomBHf+5UXinbauWu7debN9XaVRAwfgEBwDF1yANrgFHeABDHLwDF7Bm/VkvVjv1sesdcmqZhrgD6zPH56NlEw=</latexit><latexit sha1_base64="LxC+YteVM10jPVIQpKdfpUq7F70=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICVRQb0VvXisYGyhCWGz3bRLdzdhdyOEEP+KFw8qXv0j3vw3btsctPXBwOO9GWbmRSmjSjvOt7W0vLK6tl7bqG9ube/s2nv7DyrJJCYeTlgiexFShFFBPE01I71UEsQjRrrR+Gbidx+JVDQR9zpPScDRUNCYYqSNFNqNwo9iOCrDovAlh1F5claGdtNpOVPAReJWpAkqdEL7yx8kOONEaMyQUn3XSXVQIKkpZqSs+5kiKcJjNCR9QwXiRAXF9PgSHhllAONEmhIaTtXfEwXiSuU8Mp0c6ZGa9ybif14/0/FlUFCRZpoIPFsUZwzqBE6SgAMqCdYsNwRhSc2tEI+QRFibvOomBHf+5UXinbauWu7debN9XaVRAwfgEBwDF1yANrgFHeABDHLwDF7Bm/VkvVjv1sesdcmqZhrgD6zPH56NlEw=</latexit><latexit sha1_base64="LxC+YteVM10jPVIQpKdfpUq7F70=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICVRQb0VvXisYGyhCWGz3bRLdzdhdyOEEP+KFw8qXv0j3vw3btsctPXBwOO9GWbmRSmjSjvOt7W0vLK6tl7bqG9ube/s2nv7DyrJJCYeTlgiexFShFFBPE01I71UEsQjRrrR+Gbidx+JVDQR9zpPScDRUNCYYqSNFNqNwo9iOCrDovAlh1F5claGdtNpOVPAReJWpAkqdEL7yx8kOONEaMyQUn3XSXVQIKkpZqSs+5kiKcJjNCR9QwXiRAXF9PgSHhllAONEmhIaTtXfEwXiSuU8Mp0c6ZGa9ybif14/0/FlUFCRZpoIPFsUZwzqBE6SgAMqCdYsNwRhSc2tEI+QRFibvOomBHf+5UXinbauWu7debN9XaVRAwfgEBwDF1yANrgFHeABDHLwDF7Bm/VkvVjv1sesdcmqZhrgD6zPH56NlEw=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="qaD6oLD1End9HOlPr+iVn+43r7s=">AAAB8HicbZBPS8MwGMbf+nfOqVWPXoJD8CCj1YN6E7x4nGDdYC0lzdItLElLkgqj1K/ixYOKn8ab38bsz0E3Hwj8eJ6E982T5Jxp43nfzsrq2vrGZm2rvt3Y2d1z9xuPOisUoQHJeKa6CdaUM0kDwwyn3VxRLBJOO8nodpJ3nqjSLJMPZpzTSOCBZCkj2Fgrdg/LMEnRsIrLMlQCJdXZRRW7Ta/lTYWWwZ9DE+Zqx+5X2M9IIag0hGOte76Xm6jEyjDCaVUPC01zTEZ4QHsWJRZUR+V0+QqdWKeP0kzZIw2aur9flFhoPRaJvSmwGerFbGL+l/UKk15FJZN5Yagks0FpwZHJ0KQJ1GeKEsPHFjBRzO6KyBArTIztq25L8Be/vAzBeeu65d97UIMjOIZT8OESbuAO2hAAgTG8wBu8O8/Oq/Mxa2vFmdd2AH/kfP4APReS5g==</latexit><latexit sha1_base64="qaD6oLD1End9HOlPr+iVn+43r7s=">AAAB8HicbZBPS8MwGMbf+nfOqVWPXoJD8CCj1YN6E7x4nGDdYC0lzdItLElLkgqj1K/ixYOKn8ab38bsz0E3Hwj8eJ6E982T5Jxp43nfzsrq2vrGZm2rvt3Y2d1z9xuPOisUoQHJeKa6CdaUM0kDwwyn3VxRLBJOO8nodpJ3nqjSLJMPZpzTSOCBZCkj2Fgrdg/LMEnRsIrLMlQCJdXZRRW7Ta/lTYWWwZ9DE+Zqx+5X2M9IIag0hGOte76Xm6jEyjDCaVUPC01zTEZ4QHsWJRZUR+V0+QqdWKeP0kzZIw2aur9flFhoPRaJvSmwGerFbGL+l/UKk15FJZN5Yagks0FpwZHJ0KQJ1GeKEsPHFjBRzO6KyBArTIztq25L8Be/vAzBeeu65d97UIMjOIZT8OESbuAO2hAAgTG8wBu8O8/Oq/Mxa2vFmdd2AH/kfP4APReS5g==</latexit><latexit sha1_base64="Ld4PJe/yP9720zu9ejG9d5JewPc=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSyCBymJHtRb0YvHCsYWmhA22027dHcTdjdCCPGvePGg4tU/4s1/47bNQVsfDDzem2FmXpQyqrTjfFu1ldW19Y36ZmNre2d3z94/eFBJJjHxcMIS2Y+QIowK4mmqGemnkiAeMdKLJjdTv/dIpKKJuNd5SgKORoLGFCNtpNBuFn4Uw3EZFoUvOYzK0/MytFtO25kBLhO3Ii1QoRvaX/4wwRknQmOGlBq4TqqDAklNMSNlw88USRGeoBEZGCoQJyooZseX8NgoQxgn0pTQcKb+nigQVyrnkenkSI/VojcV//MGmY4vg4KKNNNE4PmiOGNQJ3CaBBxSSbBmuSEIS2puhXiMJMLa5NUwIbiLLy8T76x91XbvnFbnukqjDg7BETgBLrgAHXALusADGOTgGbyCN+vJerHerY95a82qZprgD6zPH51NlEg=</latexit><latexit sha1_base64="LxC+YteVM10jPVIQpKdfpUq7F70=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICVRQb0VvXisYGyhCWGz3bRLdzdhdyOEEP+KFw8qXv0j3vw3btsctPXBwOO9GWbmRSmjSjvOt7W0vLK6tl7bqG9ube/s2nv7DyrJJCYeTlgiexFShFFBPE01I71UEsQjRrrR+Gbidx+JVDQR9zpPScDRUNCYYqSNFNqNwo9iOCrDovAlh1F5claGdtNpOVPAReJWpAkqdEL7yx8kOONEaMyQUn3XSXVQIKkpZqSs+5kiKcJjNCR9QwXiRAXF9PgSHhllAONEmhIaTtXfEwXiSuU8Mp0c6ZGa9ybif14/0/FlUFCRZpoIPFsUZwzqBE6SgAMqCdYsNwRhSc2tEI+QRFibvOomBHf+5UXinbauWu7debN9XaVRAwfgEBwDF1yANrgFHeABDHLwDF7Bm/VkvVjv1sesdcmqZhrgD6zPH56NlEw=</latexit><latexit sha1_base64="LxC+YteVM10jPVIQpKdfpUq7F70=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICVRQb0VvXisYGyhCWGz3bRLdzdhdyOEEP+KFw8qXv0j3vw3btsctPXBwOO9GWbmRSmjSjvOt7W0vLK6tl7bqG9ube/s2nv7DyrJJCYeTlgiexFShFFBPE01I71UEsQjRrrR+Gbidx+JVDQR9zpPScDRUNCYYqSNFNqNwo9iOCrDovAlh1F5claGdtNpOVPAReJWpAkqdEL7yx8kOONEaMyQUn3XSXVQIKkpZqSs+5kiKcJjNCR9QwXiRAXF9PgSHhllAONEmhIaTtXfEwXiSuU8Mp0c6ZGa9ybif14/0/FlUFCRZpoIPFsUZwzqBE6SgAMqCdYsNwRhSc2tEI+QRFibvOomBHf+5UXinbauWu7debN9XaVRAwfgEBwDF1yANrgFHeABDHLwDF7Bm/VkvVjv1sesdcmqZhrgD6zPH56NlEw=</latexit><latexit sha1_base64="LxC+YteVM10jPVIQpKdfpUq7F70=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICVRQb0VvXisYGyhCWGz3bRLdzdhdyOEEP+KFw8qXv0j3vw3btsctPXBwOO9GWbmRSmjSjvOt7W0vLK6tl7bqG9ube/s2nv7DyrJJCYeTlgiexFShFFBPE01I71UEsQjRrrR+Gbidx+JVDQR9zpPScDRUNCYYqSNFNqNwo9iOCrDovAlh1F5claGdtNpOVPAReJWpAkqdEL7yx8kOONEaMyQUn3XSXVQIKkpZqSs+5kiKcJjNCR9QwXiRAXF9PgSHhllAONEmhIaTtXfEwXiSuU8Mp0c6ZGa9ybif14/0/FlUFCRZpoIPFsUZwzqBE6SgAMqCdYsNwRhSc2tEI+QRFibvOomBHf+5UXinbauWu7debN9XaVRAwfgEBwDF1yANrgFHeABDHLwDF7Bm/VkvVjv1sesdcmqZhrgD6zPH56NlEw=</latexit><latexit sha1_base64="LxC+YteVM10jPVIQpKdfpUq7F70=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICVRQb0VvXisYGyhCWGz3bRLdzdhdyOEEP+KFw8qXv0j3vw3btsctPXBwOO9GWbmRSmjSjvOt7W0vLK6tl7bqG9ube/s2nv7DyrJJCYeTlgiexFShFFBPE01I71UEsQjRrrR+Gbidx+JVDQR9zpPScDRUNCYYqSNFNqNwo9iOCrDovAlh1F5claGdtNpOVPAReJWpAkqdEL7yx8kOONEaMyQUn3XSXVQIKkpZqSs+5kiKcJjNCR9QwXiRAXF9PgSHhllAONEmhIaTtXfEwXiSuU8Mp0c6ZGa9ybif14/0/FlUFCRZpoIPFsUZwzqBE6SgAMqCdYsNwRhSc2tEI+QRFibvOomBHf+5UXinbauWu7debN9XaVRAwfgEBwDF1yANrgFHeABDHLwDF7Bm/VkvVjv1sesdcmqZhrgD6zPH56NlEw=</latexit><latexit sha1_base64="LxC+YteVM10jPVIQpKdfpUq7F70=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICVRQb0VvXisYGyhCWGz3bRLdzdhdyOEEP+KFw8qXv0j3vw3btsctPXBwOO9GWbmRSmjSjvOt7W0vLK6tl7bqG9ube/s2nv7DyrJJCYeTlgiexFShFFBPE01I71UEsQjRrrR+Gbidx+JVDQR9zpPScDRUNCYYqSNFNqNwo9iOCrDovAlh1F5claGdtNpOVPAReJWpAkqdEL7yx8kOONEaMyQUn3XSXVQIKkpZqSs+5kiKcJjNCR9QwXiRAXF9PgSHhllAONEmhIaTtXfEwXiSuU8Mp0c6ZGa9ybif14/0/FlUFCRZpoIPFsUZwzqBE6SgAMqCdYsNwRhSc2tEI+QRFibvOomBHf+5UXinbauWu7debN9XaVRAwfgEBwDF1yANrgFHeABDHLwDF7Bm/VkvVjv1sesdcmqZhrgD6zPH56NlEw=</latexit><latexit sha1_base64="LxC+YteVM10jPVIQpKdfpUq7F70=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICVRQb0VvXisYGyhCWGz3bRLdzdhdyOEEP+KFw8qXv0j3vw3btsctPXBwOO9GWbmRSmjSjvOt7W0vLK6tl7bqG9ube/s2nv7DyrJJCYeTlgiexFShFFBPE01I71UEsQjRrrR+Gbidx+JVDQR9zpPScDRUNCYYqSNFNqNwo9iOCrDovAlh1F5claGdtNpOVPAReJWpAkqdEL7yx8kOONEaMyQUn3XSXVQIKkpZqSs+5kiKcJjNCR9QwXiRAXF9PgSHhllAONEmhIaTtXfEwXiSuU8Mp0c6ZGa9ybif14/0/FlUFCRZpoIPFsUZwzqBE6SgAMqCdYsNwRhSc2tEI+QRFibvOomBHf+5UXinbauWu7debN9XaVRAwfgEBwDF1yANrgFHeABDHLwDF7Bm/VkvVjv1sesdcmqZhrgD6zPH56NlEw=</latexit>

hb,4
<latexit sha1_base64="H2pdC/6ytUQWGychPl7L1GQtdqU=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwdhCE8Jmu2mX7m7C7kYIIf4VLx5UvPpHvPlv3LY5aOuDgcd7M8zMi1JGlXacb2tldW19Y7O2Vd/e2d3btw8OH1SSSUw8nLBE9iOkCKOCeJpqRvqpJIhHjPSiyc3U7z0SqWgi7nWekoCjkaAxxUgbKbQbhR/FcFyGReFLDqPyrF2GdtNpOTPAZeJWpAkqdEP7yx8mOONEaMyQUgPXSXVQIKkpZqSs+5kiKcITNCIDQwXiRAXF7PgSnhhlCONEmhIaztTfEwXiSuU8Mp0c6bFa9Kbif94g0/FlUFCRZpoIPF8UZwzqBE6TgEMqCdYsNwRhSc2tEI+RRFibvOomBHfx5WXinbeuWu5du9m5rtKogSNwDE6BCy5AB9yCLvAABjl4Bq/gzXqyXqx362PeumJVMw3wB9bnD6ARlE0=</latexit><latexit sha1_base64="H2pdC/6ytUQWGychPl7L1GQtdqU=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwdhCE8Jmu2mX7m7C7kYIIf4VLx5UvPpHvPlv3LY5aOuDgcd7M8zMi1JGlXacb2tldW19Y7O2Vd/e2d3btw8OH1SSSUw8nLBE9iOkCKOCeJpqRvqpJIhHjPSiyc3U7z0SqWgi7nWekoCjkaAxxUgbKbQbhR/FcFyGReFLDqPyrF2GdtNpOTPAZeJWpAkqdEP7yx8mOONEaMyQUgPXSXVQIKkpZqSs+5kiKcITNCIDQwXiRAXF7PgSnhhlCONEmhIaztTfEwXiSuU8Mp0c6bFa9Kbif94g0/FlUFCRZpoIPF8UZwzqBE6TgEMqCdYsNwRhSc2tEI+RRFibvOomBHfx5WXinbeuWu5du9m5rtKogSNwDE6BCy5AB9yCLvAABjl4Bq/gzXqyXqx362PeumJVMw3wB9bnD6ARlE0=</latexit><latexit sha1_base64="H2pdC/6ytUQWGychPl7L1GQtdqU=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwdhCE8Jmu2mX7m7C7kYIIf4VLx5UvPpHvPlv3LY5aOuDgcd7M8zMi1JGlXacb2tldW19Y7O2Vd/e2d3btw8OH1SSSUw8nLBE9iOkCKOCeJpqRvqpJIhHjPSiyc3U7z0SqWgi7nWekoCjkaAxxUgbKbQbhR/FcFyGReFLDqPyrF2GdtNpOTPAZeJWpAkqdEP7yx8mOONEaMyQUgPXSXVQIKkpZqSs+5kiKcITNCIDQwXiRAXF7PgSnhhlCONEmhIaztTfEwXiSuU8Mp0c6bFa9Kbif94g0/FlUFCRZpoIPF8UZwzqBE6TgEMqCdYsNwRhSc2tEI+RRFibvOomBHfx5WXinbeuWu5du9m5rtKogSNwDE6BCy5AB9yCLvAABjl4Bq/gzXqyXqx362PeumJVMw3wB9bnD6ARlE0=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="lN/5H6A+h2EPj7ihs9oKYBHnxJE=">AAAB8HicbZBPS8MwGMbf+nfOqVWPXoJD8CCjFUG9CV48TrBusJaSZukWlqQlSYVR6lfx4kHFT+PNb2P256CbDwR+PE/C++ZJcs608bxvZ2V1bX1js7ZV327s7O65+41HnRWK0IBkPFPdBGvKmaSBYYbTbq4oFgmnnWR0O8k7T1RplskHM85pJPBAspQRbKwVu4dlmKRoWMVlGSqBkursoordptfypkLL4M+hCXO1Y/cr7GekEFQawrHWPd/LTVRiZRjhtKqHhaY5JiM8oD2LEguqo3K6fIVOrNNHaabskQZN3d8vSiy0HovE3hTYDPViNjH/y3qFSa+iksm8MFSS2aC04MhkaNIE6jNFieFjC5goZndFZIgVJsb2Vbcl+ItfXobgvHXd8u89qMERHMMp+HAJN3AHbQiAwBhe4A3enWfn1fmYtbXizGs7gD9yPn8APpCS5w==</latexit><latexit sha1_base64="lN/5H6A+h2EPj7ihs9oKYBHnxJE=">AAAB8HicbZBPS8MwGMbf+nfOqVWPXoJD8CCjFUG9CV48TrBusJaSZukWlqQlSYVR6lfx4kHFT+PNb2P256CbDwR+PE/C++ZJcs608bxvZ2V1bX1js7ZV327s7O65+41HnRWK0IBkPFPdBGvKmaSBYYbTbq4oFgmnnWR0O8k7T1RplskHM85pJPBAspQRbKwVu4dlmKRoWMVlGSqBkursoordptfypkLL4M+hCXO1Y/cr7GekEFQawrHWPd/LTVRiZRjhtKqHhaY5JiM8oD2LEguqo3K6fIVOrNNHaabskQZN3d8vSiy0HovE3hTYDPViNjH/y3qFSa+iksm8MFSS2aC04MhkaNIE6jNFieFjC5goZndFZIgVJsb2Vbcl+ItfXobgvHXd8u89qMERHMMp+HAJN3AHbQiAwBhe4A3enWfn1fmYtbXizGs7gD9yPn8APpCS5w==</latexit><latexit sha1_base64="G9SGGlxPKazfXvTZI/CswjYntUE=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSyCBymJCOqt6MVjBWMLTQib7aZdursJuxshhPhXvHhQ8eof8ea/cdvmoK0PBh7vzTAzL0oZVdpxvq3ayura+kZ9s7G1vbO7Z+8fPKgkk5h4OGGJ7EdIEUYF8TTVjPRTSRCPGOlFk5up33skUtFE3Os8JQFHI0FjipE2Umg3Cz+K4bgMi8KXHEbl6XkZ2i2n7cwAl4lbkRao0A3tL3+Y4IwToTFDSg1cJ9VBgaSmmJGy4WeKpAhP0IgMDBWIExUUs+NLeGyUIYwTaUpoOFN/TxSIK5XzyHRypMdq0ZuK/3mDTMeXQUFFmmki8HxRnDGoEzhNAg6pJFiz3BCEJTW3QjxGEmFt8mqYENzFl5eJd9a+art3TqtzXaVRB4fgCJwAF1yADrgFXeABDHLwDF7Bm/VkvVjv1se8tWZVM03wB9bnD57RlEk=</latexit><latexit sha1_base64="H2pdC/6ytUQWGychPl7L1GQtdqU=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwdhCE8Jmu2mX7m7C7kYIIf4VLx5UvPpHvPlv3LY5aOuDgcd7M8zMi1JGlXacb2tldW19Y7O2Vd/e2d3btw8OH1SSSUw8nLBE9iOkCKOCeJpqRvqpJIhHjPSiyc3U7z0SqWgi7nWekoCjkaAxxUgbKbQbhR/FcFyGReFLDqPyrF2GdtNpOTPAZeJWpAkqdEP7yx8mOONEaMyQUgPXSXVQIKkpZqSs+5kiKcITNCIDQwXiRAXF7PgSnhhlCONEmhIaztTfEwXiSuU8Mp0c6bFa9Kbif94g0/FlUFCRZpoIPF8UZwzqBE6TgEMqCdYsNwRhSc2tEI+RRFibvOomBHfx5WXinbeuWu5du9m5rtKogSNwDE6BCy5AB9yCLvAABjl4Bq/gzXqyXqx362PeumJVMw3wB9bnD6ARlE0=</latexit><latexit sha1_base64="H2pdC/6ytUQWGychPl7L1GQtdqU=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwdhCE8Jmu2mX7m7C7kYIIf4VLx5UvPpHvPlv3LY5aOuDgcd7M8zMi1JGlXacb2tldW19Y7O2Vd/e2d3btw8OH1SSSUw8nLBE9iOkCKOCeJpqRvqpJIhHjPSiyc3U7z0SqWgi7nWekoCjkaAxxUgbKbQbhR/FcFyGReFLDqPyrF2GdtNpOTPAZeJWpAkqdEP7yx8mOONEaMyQUgPXSXVQIKkpZqSs+5kiKcITNCIDQwXiRAXF7PgSnhhlCONEmhIaztTfEwXiSuU8Mp0c6bFa9Kbif94g0/FlUFCRZpoIPF8UZwzqBE6TgEMqCdYsNwRhSc2tEI+RRFibvOomBHfx5WXinbeuWu5du9m5rtKogSNwDE6BCy5AB9yCLvAABjl4Bq/gzXqyXqx362PeumJVMw3wB9bnD6ARlE0=</latexit><latexit sha1_base64="H2pdC/6ytUQWGychPl7L1GQtdqU=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwdhCE8Jmu2mX7m7C7kYIIf4VLx5UvPpHvPlv3LY5aOuDgcd7M8zMi1JGlXacb2tldW19Y7O2Vd/e2d3btw8OH1SSSUw8nLBE9iOkCKOCeJpqRvqpJIhHjPSiyc3U7z0SqWgi7nWekoCjkaAxxUgbKbQbhR/FcFyGReFLDqPyrF2GdtNpOTPAZeJWpAkqdEP7yx8mOONEaMyQUgPXSXVQIKkpZqSs+5kiKcITNCIDQwXiRAXF7PgSnhhlCONEmhIaztTfEwXiSuU8Mp0c6bFa9Kbif94g0/FlUFCRZpoIPF8UZwzqBE6TgEMqCdYsNwRhSc2tEI+RRFibvOomBHfx5WXinbeuWu5du9m5rtKogSNwDE6BCy5AB9yCLvAABjl4Bq/gzXqyXqx362PeumJVMw3wB9bnD6ARlE0=</latexit><latexit sha1_base64="H2pdC/6ytUQWGychPl7L1GQtdqU=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwdhCE8Jmu2mX7m7C7kYIIf4VLx5UvPpHvPlv3LY5aOuDgcd7M8zMi1JGlXacb2tldW19Y7O2Vd/e2d3btw8OH1SSSUw8nLBE9iOkCKOCeJpqRvqpJIhHjPSiyc3U7z0SqWgi7nWekoCjkaAxxUgbKbQbhR/FcFyGReFLDqPyrF2GdtNpOTPAZeJWpAkqdEP7yx8mOONEaMyQUgPXSXVQIKkpZqSs+5kiKcITNCIDQwXiRAXF7PgSnhhlCONEmhIaztTfEwXiSuU8Mp0c6bFa9Kbif94g0/FlUFCRZpoIPF8UZwzqBE6TgEMqCdYsNwRhSc2tEI+RRFibvOomBHfx5WXinbeuWu5du9m5rtKogSNwDE6BCy5AB9yCLvAABjl4Bq/gzXqyXqx362PeumJVMw3wB9bnD6ARlE0=</latexit><latexit sha1_base64="H2pdC/6ytUQWGychPl7L1GQtdqU=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwdhCE8Jmu2mX7m7C7kYIIf4VLx5UvPpHvPlv3LY5aOuDgcd7M8zMi1JGlXacb2tldW19Y7O2Vd/e2d3btw8OH1SSSUw8nLBE9iOkCKOCeJpqRvqpJIhHjPSiyc3U7z0SqWgi7nWekoCjkaAxxUgbKbQbhR/FcFyGReFLDqPyrF2GdtNpOTPAZeJWpAkqdEP7yx8mOONEaMyQUgPXSXVQIKkpZqSs+5kiKcITNCIDQwXiRAXF7PgSnhhlCONEmhIaztTfEwXiSuU8Mp0c6bFa9Kbif94g0/FlUFCRZpoIPF8UZwzqBE6TgEMqCdYsNwRhSc2tEI+RRFibvOomBHfx5WXinbeuWu5du9m5rtKogSNwDE6BCy5AB9yCLvAABjl4Bq/gzXqyXqx362PeumJVMw3wB9bnD6ARlE0=</latexit><latexit sha1_base64="H2pdC/6ytUQWGychPl7L1GQtdqU=">AAAB+3icbVBNS8NAEN34WetXtEcvi0XwICWRgnorevFYwdhCE8Jmu2mX7m7C7kYIIf4VLx5UvPpHvPlv3LY5aOuDgcd7M8zMi1JGlXacb2tldW19Y7O2Vd/e2d3btw8OH1SSSUw8nLBE9iOkCKOCeJpqRvqpJIhHjPSiyc3U7z0SqWgi7nWekoCjkaAxxUgbKbQbhR/FcFyGReFLDqPyrF2GdtNpOTPAZeJWpAkqdEP7yx8mOONEaMyQUgPXSXVQIKkpZqSs+5kiKcITNCIDQwXiRAXF7PgSnhhlCONEmhIaztTfEwXiSuU8Mp0c6bFa9Kbif94g0/FlUFCRZpoIPF8UZwzqBE6TgEMqCdYsNwRhSc2tEI+RRFibvOomBHfx5WXinbeuWu5du9m5rtKogSNwDE6BCy5AB9yCLvAABjl4Bq/gzXqyXqx362PeumJVMw3wB9bnD6ARlE0=</latexit>

1. Unique *AoAs for channel paths of each scheduled user 

2. Equal power spread across complex path gains

New criteria *Angle of arrivals

§ Goal

§ Key idea
: Derive new scheduling criteria that reduce quantization error

§ Optimization
: Maximum sum rate user scheduling 

Reduce quantization error

: To mitigate quantization error by effectively scheduling users
Proposed Scheduler vs. Other Schedulers

(Nr = 128, NRF = 40, Nue = 12 out of 200, b = 3, channel paths = 3) 
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q Updated Results: scheduling with partial CSI

Proposed Scheduler vs. Other Schedulers

(Nr = 128, NRF = 40, Nue = 12 out of 200, b = 3, channel paths = 3) 

§ Alternative to instantaneous full CSI 

§ Chordal distance-based user scheduling 

hk =

r
Nr

Lk

LX

`=1

gk,`a(�k,`)
<latexit sha1_base64="lhd0kuZfi7xJ5YeIiBk/hWAr5yo="></latexit><latexit sha1_base64="lhd0kuZfi7xJ5YeIiBk/hWAr5yo="></latexit><latexit sha1_base64="lhd0kuZfi7xJ5YeIiBk/hWAr5yo="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="QwuED1UAN2+f2owaUSUWewJYgPU="></latexit><latexit sha1_base64="QwuED1UAN2+f2owaUSUWewJYgPU="></latexit><latexit sha1_base64="VNs/a6cNgX+PYQHJLejBy0AEYds="></latexit><latexit sha1_base64="lhd0kuZfi7xJ5YeIiBk/hWAr5yo="></latexit><latexit sha1_base64="lhd0kuZfi7xJ5YeIiBk/hWAr5yo="></latexit><latexit sha1_base64="lhd0kuZfi7xJ5YeIiBk/hWAr5yo="></latexit><latexit sha1_base64="lhd0kuZfi7xJ5YeIiBk/hWAr5yo="></latexit><latexit sha1_base64="lhd0kuZfi7xJ5YeIiBk/hWAr5yo="></latexit><latexit sha1_base64="lhd0kuZfi7xJ5YeIiBk/hWAr5yo="></latexit>

Ak = [a(�k,1), . . . ,a(�k,|Vk|)]
<latexit sha1_base64="Y82datJ694wXtlQWghj+0wrSlBM="></latexit><latexit sha1_base64="Y82datJ694wXtlQWghj+0wrSlBM="></latexit><latexit sha1_base64="Y82datJ694wXtlQWghj+0wrSlBM="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="xed8yNd1znRBGmv2o86Wt8hwaPw=">AAACJ3icbVDLSgMxFL1TX7VWHd26CRahhVJm3KgLQXEjrirYB3SGIZNm2tDMgyQjlOn8kxt/xIUgLlT8EdPHQlsPBE7Oyb259/gJZ1JZ1ptRWFvf2Nwqbpd2yrt7++ZBuS3jVBDaIjGPRdfHknIW0ZZiitNuIigOfU47/uhm6nceqZAsjh7UOKFuiAcRCxjBSkueeZc5foCuc2+ELhHqzW44rzrJkHnZqG7ntbrTj5WsLzsTJ8RqSDDP2rp4ktdcz6xYDWsGtErsBanAAk3PfNGtSRrSSBGOpezZVqLcDAvFCKd5yUklTTAZ4QHtaRrhkEo3m+2coxOt9FEQC30ihWbq74oMh1KOQ1+/nA4ql72p+J/XS1Vw7mYsSlJFIzL/KEg5UjGaBoj6TFCi+FgTTATTsyIyxAITpWMu6RDs5ZVXSeu0cdGw7y0owhEcQxVsOIMruIUmtIDAE7zCB3waz8a78TVPq2AsYjuEPzC+fwANdag5</latexit><latexit sha1_base64="xed8yNd1znRBGmv2o86Wt8hwaPw=">AAACJ3icbVDLSgMxFL1TX7VWHd26CRahhVJm3KgLQXEjrirYB3SGIZNm2tDMgyQjlOn8kxt/xIUgLlT8EdPHQlsPBE7Oyb259/gJZ1JZ1ptRWFvf2Nwqbpd2yrt7++ZBuS3jVBDaIjGPRdfHknIW0ZZiitNuIigOfU47/uhm6nceqZAsjh7UOKFuiAcRCxjBSkueeZc5foCuc2+ELhHqzW44rzrJkHnZqG7ntbrTj5WsLzsTJ8RqSDDP2rp4ktdcz6xYDWsGtErsBanAAk3PfNGtSRrSSBGOpezZVqLcDAvFCKd5yUklTTAZ4QHtaRrhkEo3m+2coxOt9FEQC30ihWbq74oMh1KOQ1+/nA4ql72p+J/XS1Vw7mYsSlJFIzL/KEg5UjGaBoj6TFCi+FgTTATTsyIyxAITpWMu6RDs5ZVXSeu0cdGw7y0owhEcQxVsOIMruIUmtIDAE7zCB3waz8a78TVPq2AsYjuEPzC+fwANdag5</latexit><latexit sha1_base64="I4gbgqmT0o/kMI6OwXmsC+gx078="></latexit><latexit sha1_base64="Y82datJ694wXtlQWghj+0wrSlBM="></latexit><latexit sha1_base64="Y82datJ694wXtlQWghj+0wrSlBM="></latexit><latexit sha1_base64="Y82datJ694wXtlQWghj+0wrSlBM="></latexit><latexit sha1_base64="Y82datJ694wXtlQWghj+0wrSlBM="></latexit><latexit sha1_base64="Y82datJ694wXtlQWghj+0wrSlBM="></latexit><latexit sha1_base64="Y82datJ694wXtlQWghj+0wrSlBM="></latexit>

Qk = column basis of Ak
<latexit sha1_base64="c6bN1GWycswPMOdES9dgC++3dek=">AAACGXicbVDLSgMxFM34rPVVdekm2AquyowI6kKounHZgrWFtgyZNNOGZpIhuSOWYb7Djb/ixoWKS135N6aPhbYeCBzOuY/cE8SCG3Ddb2dhcWl5ZTW3ll/f2NzaLuzs3hmVaMrqVAmlmwExTHDJ6sBBsGasGYkCwRrB4HrkN+6ZNlzJWxjGrBORnuQhpwSs5Be8NrAHSEtpOwhxLfMH+AKXsJ2bRBLbwdxgFeKJfWntUuYXim7ZHQPPE29KimiKql/4bHcVTSImgQpiTMtzY+ikRAOngmX5dmJYTOiA9FjLUkkiZjrp+LQMH1qli0Ol7ZOAx+rvjpRExgyjwFZGBPpm1huJ/3mtBMKzTsplnACTdLIoTAQGhUc54S7XjIIYWkKo5vavmPaJJhRsmnkbgjd78jypH5fPy17tpFi5mqaRQ/voAB0hD52iCrpBVVRHFD2iZ/SK3pwn58V5dz4mpQvOtGcP/YHz9QPw5J8i</latexit><latexit sha1_base64="c6bN1GWycswPMOdES9dgC++3dek=">AAACGXicbVDLSgMxFM34rPVVdekm2AquyowI6kKounHZgrWFtgyZNNOGZpIhuSOWYb7Djb/ixoWKS135N6aPhbYeCBzOuY/cE8SCG3Ddb2dhcWl5ZTW3ll/f2NzaLuzs3hmVaMrqVAmlmwExTHDJ6sBBsGasGYkCwRrB4HrkN+6ZNlzJWxjGrBORnuQhpwSs5Be8NrAHSEtpOwhxLfMH+AKXsJ2bRBLbwdxgFeKJfWntUuYXim7ZHQPPE29KimiKql/4bHcVTSImgQpiTMtzY+ikRAOngmX5dmJYTOiA9FjLUkkiZjrp+LQMH1qli0Ol7ZOAx+rvjpRExgyjwFZGBPpm1huJ/3mtBMKzTsplnACTdLIoTAQGhUc54S7XjIIYWkKo5vavmPaJJhRsmnkbgjd78jypH5fPy17tpFi5mqaRQ/voAB0hD52iCrpBVVRHFD2iZ/SK3pwn58V5dz4mpQvOtGcP/YHz9QPw5J8i</latexit><latexit sha1_base64="c6bN1GWycswPMOdES9dgC++3dek=">AAACGXicbVDLSgMxFM34rPVVdekm2AquyowI6kKounHZgrWFtgyZNNOGZpIhuSOWYb7Djb/ixoWKS135N6aPhbYeCBzOuY/cE8SCG3Ddb2dhcWl5ZTW3ll/f2NzaLuzs3hmVaMrqVAmlmwExTHDJ6sBBsGasGYkCwRrB4HrkN+6ZNlzJWxjGrBORnuQhpwSs5Be8NrAHSEtpOwhxLfMH+AKXsJ2bRBLbwdxgFeKJfWntUuYXim7ZHQPPE29KimiKql/4bHcVTSImgQpiTMtzY+ikRAOngmX5dmJYTOiA9FjLUkkiZjrp+LQMH1qli0Ol7ZOAx+rvjpRExgyjwFZGBPpm1huJ/3mtBMKzTsplnACTdLIoTAQGhUc54S7XjIIYWkKo5vavmPaJJhRsmnkbgjd78jypH5fPy17tpFi5mqaRQ/voAB0hD52iCrpBVVRHFD2iZ/SK3pwn58V5dz4mpQvOtGcP/YHz9QPw5J8i</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="MMCO3T7GM0TebAnPEZn7J7OxiHg=">AAACDnicbVC7TsMwFL3hWUqBwspi0SIxVQkLMCCBWBhbidJKbRQ5rtNadZzIvkFUUb+DhV9hYQDEyMbf4D4GaDmSpaNz7sP3hKkUBl3321lZXVvf2CxsFbdLO7t75f3SvUkyzXiTJTLR7ZAaLoXiTRQoeTvVnMah5K1weDPxWw9cG5GoOxyl3I9pX4lIMIpWCspeF/kj5tW8G0akMQ6G5JJUiZ2bxYrYwcKQJCIz+9ra1XFQrrg1dwqyTLw5qcAc9aD81e0lLIu5QiapMR3PTdHPqUbBJB8Xu5nhKWVD2ucdSxWNufHz6WljcmyVHokSbZ9CMlV/d+Q0NmYUh7Yypjgwi95E/M/rZBid+7lQaYZcsdmiKJMEEzLJifSE5gzlyBLKtLB/JWxANWVo0yzaELzFk5dJ87R2UfMaLhTgEI7gBDw4gyu4hTo0gcETvMAbvDvPzqvzMUtrxZnHdgB/4Hz+AB2gnZ4=</latexit><latexit sha1_base64="MMCO3T7GM0TebAnPEZn7J7OxiHg=">AAACDnicbVC7TsMwFL3hWUqBwspi0SIxVQkLMCCBWBhbidJKbRQ5rtNadZzIvkFUUb+DhV9hYQDEyMbf4D4GaDmSpaNz7sP3hKkUBl3321lZXVvf2CxsFbdLO7t75f3SvUkyzXiTJTLR7ZAaLoXiTRQoeTvVnMah5K1weDPxWw9cG5GoOxyl3I9pX4lIMIpWCspeF/kj5tW8G0akMQ6G5JJUiZ2bxYrYwcKQJCIz+9ra1XFQrrg1dwqyTLw5qcAc9aD81e0lLIu5QiapMR3PTdHPqUbBJB8Xu5nhKWVD2ucdSxWNufHz6WljcmyVHokSbZ9CMlV/d+Q0NmYUh7Yypjgwi95E/M/rZBid+7lQaYZcsdmiKJMEEzLJifSE5gzlyBLKtLB/JWxANWVo0yzaELzFk5dJ87R2UfMaLhTgEI7gBDw4gyu4hTo0gcETvMAbvDvPzqvzMUtrxZnHdgB/4Hz+AB2gnZ4=</latexit><latexit sha1_base64="qyAGNXxlTduPuoOegthk5E1NNlc=">AAACGXicbVDLTgIxFO3gC/GFunTTCCauyIwbdWGCunEJiQgJENIpHWjotJP2jpFM5jvc+CtuXKhxqSv/xgKzUPAkTU7OuY/e40eCG3Ddbye3tLyyupZfL2xsbm3vFHf37oyKNWUNqoTSLZ8YJrhkDeAgWCvSjIS+YE1/dD3xm/dMG67kLYwj1g3JQPKAUwJW6hW9DrAHSMpJxw9wPe2N8AUuYzs3DiW2g7nBKsAz+9La5bRXLLkVdwq8SLyMlFCGWq/42ekrGodMAhXEmLbnRtBNiAZOBUsLndiwiNARGbC2pZKEzHST6WkpPrJKHwdK2ycBT9XfHQkJjRmHvq0MCQzNvDcR//PaMQRn3YTLKAYm6WxREAsMCk9ywn2uGQUxtoRQze1fMR0STSjYNAs2BG/+5EXSOKmcV7y6W6peZWnk0QE6RMfIQ6eoim5QDTUQRY/oGb2iN+fJeXHenY9Zac7JevbRHzhfP++knx4=</latexit><latexit sha1_base64="c6bN1GWycswPMOdES9dgC++3dek=">AAACGXicbVDLSgMxFM34rPVVdekm2AquyowI6kKounHZgrWFtgyZNNOGZpIhuSOWYb7Djb/ixoWKS135N6aPhbYeCBzOuY/cE8SCG3Ddb2dhcWl5ZTW3ll/f2NzaLuzs3hmVaMrqVAmlmwExTHDJ6sBBsGasGYkCwRrB4HrkN+6ZNlzJWxjGrBORnuQhpwSs5Be8NrAHSEtpOwhxLfMH+AKXsJ2bRBLbwdxgFeKJfWntUuYXim7ZHQPPE29KimiKql/4bHcVTSImgQpiTMtzY+ikRAOngmX5dmJYTOiA9FjLUkkiZjrp+LQMH1qli0Ol7ZOAx+rvjpRExgyjwFZGBPpm1huJ/3mtBMKzTsplnACTdLIoTAQGhUc54S7XjIIYWkKo5vavmPaJJhRsmnkbgjd78jypH5fPy17tpFi5mqaRQ/voAB0hD52iCrpBVVRHFD2iZ/SK3pwn58V5dz4mpQvOtGcP/YHz9QPw5J8i</latexit><latexit sha1_base64="c6bN1GWycswPMOdES9dgC++3dek=">AAACGXicbVDLSgMxFM34rPVVdekm2AquyowI6kKounHZgrWFtgyZNNOGZpIhuSOWYb7Djb/ixoWKS135N6aPhbYeCBzOuY/cE8SCG3Ddb2dhcWl5ZTW3ll/f2NzaLuzs3hmVaMrqVAmlmwExTHDJ6sBBsGasGYkCwRrB4HrkN+6ZNlzJWxjGrBORnuQhpwSs5Be8NrAHSEtpOwhxLfMH+AKXsJ2bRBLbwdxgFeKJfWntUuYXim7ZHQPPE29KimiKql/4bHcVTSImgQpiTMtzY+ikRAOngmX5dmJYTOiA9FjLUkkiZjrp+LQMH1qli0Ol7ZOAx+rvjpRExgyjwFZGBPpm1huJ/3mtBMKzTsplnACTdLIoTAQGhUc54S7XjIIYWkKo5vavmPaJJhRsmnkbgjd78jypH5fPy17tpFi5mqaRQ/voAB0hD52iCrpBVVRHFD2iZ/SK3pwn58V5dz4mpQvOtGcP/YHz9QPw5J8i</latexit><latexit sha1_base64="c6bN1GWycswPMOdES9dgC++3dek=">AAACGXicbVDLSgMxFM34rPVVdekm2AquyowI6kKounHZgrWFtgyZNNOGZpIhuSOWYb7Djb/ixoWKS135N6aPhbYeCBzOuY/cE8SCG3Ddb2dhcWl5ZTW3ll/f2NzaLuzs3hmVaMrqVAmlmwExTHDJ6sBBsGasGYkCwRrB4HrkN+6ZNlzJWxjGrBORnuQhpwSs5Be8NrAHSEtpOwhxLfMH+AKXsJ2bRBLbwdxgFeKJfWntUuYXim7ZHQPPE29KimiKql/4bHcVTSImgQpiTMtzY+ikRAOngmX5dmJYTOiA9FjLUkkiZjrp+LQMH1qli0Ol7ZOAx+rvjpRExgyjwFZGBPpm1huJ/3mtBMKzTsplnACTdLIoTAQGhUc54S7XjIIYWkKo5vavmPaJJhRsmnkbgjd78jypH5fPy17tpFi5mqaRQ/voAB0hD52iCrpBVVRHFD2iZ/SK3pwn58V5dz4mpQvOtGcP/YHz9QPw5J8i</latexit><latexit sha1_base64="c6bN1GWycswPMOdES9dgC++3dek=">AAACGXicbVDLSgMxFM34rPVVdekm2AquyowI6kKounHZgrWFtgyZNNOGZpIhuSOWYb7Djb/ixoWKS135N6aPhbYeCBzOuY/cE8SCG3Ddb2dhcWl5ZTW3ll/f2NzaLuzs3hmVaMrqVAmlmwExTHDJ6sBBsGasGYkCwRrB4HrkN+6ZNlzJWxjGrBORnuQhpwSs5Be8NrAHSEtpOwhxLfMH+AKXsJ2bRBLbwdxgFeKJfWntUuYXim7ZHQPPE29KimiKql/4bHcVTSImgQpiTMtzY+ikRAOngmX5dmJYTOiA9FjLUkkiZjrp+LQMH1qli0Ol7ZOAx+rvjpRExgyjwFZGBPpm1huJ/3mtBMKzTsplnACTdLIoTAQGhUc54S7XjIIYWkKo5vavmPaJJhRsmnkbgjd78jypH5fPy17tpFi5mqaRQ/voAB0hD52iCrpBVVRHFD2iZ/SK3pwn58V5dz4mpQvOtGcP/YHz9QPw5J8i</latexit><latexit sha1_base64="c6bN1GWycswPMOdES9dgC++3dek=">AAACGXicbVDLSgMxFM34rPVVdekm2AquyowI6kKounHZgrWFtgyZNNOGZpIhuSOWYb7Djb/ixoWKS135N6aPhbYeCBzOuY/cE8SCG3Ddb2dhcWl5ZTW3ll/f2NzaLuzs3hmVaMrqVAmlmwExTHDJ6sBBsGasGYkCwRrB4HrkN+6ZNlzJWxjGrBORnuQhpwSs5Be8NrAHSEtpOwhxLfMH+AKXsJ2bRBLbwdxgFeKJfWntUuYXim7ZHQPPE29KimiKql/4bHcVTSImgQpiTMtzY+ikRAOngmX5dmJYTOiA9FjLUkkiZjrp+LQMH1qli0Ol7ZOAx+rvjpRExgyjwFZGBPpm1huJ/3mtBMKzTsplnACTdLIoTAQGhUc54S7XjIIYWkKo5vavmPaJJhRsmnkbgjd78jypH5fPy17tpFi5mqaRQ/voAB0hD52iCrpBVVRHFD2iZ/SK3pwn58V5dz4mpQvOtGcP/YHz9QPw5J8i</latexit><latexit sha1_base64="c6bN1GWycswPMOdES9dgC++3dek=">AAACGXicbVDLSgMxFM34rPVVdekm2AquyowI6kKounHZgrWFtgyZNNOGZpIhuSOWYb7Djb/ixoWKS135N6aPhbYeCBzOuY/cE8SCG3Ddb2dhcWl5ZTW3ll/f2NzaLuzs3hmVaMrqVAmlmwExTHDJ6sBBsGasGYkCwRrB4HrkN+6ZNlzJWxjGrBORnuQhpwSs5Be8NrAHSEtpOwhxLfMH+AKXsJ2bRBLbwdxgFeKJfWntUuYXim7ZHQPPE29KimiKql/4bHcVTSImgQpiTMtzY+ikRAOngmX5dmJYTOiA9FjLUkkiZjrp+LQMH1qli0Ol7ZOAx+rvjpRExgyjwFZGBPpm1huJ/3mtBMKzTsplnACTdLIoTAQGhUc54S7XjIIYWkKo5vavmPaJJhRsmnkbgjd78jypH5fPy17tpFi5mqaRQ/voAB0hD52iCrpBVVRHFD2iZ/SK3pwn58V5dz4mpQvOtGcP/YHz9QPw5J8i</latexit>
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:  Exploit Angles of arrival (AoA) - long-term characteristics
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q Future work

Preliminary – Proportional Fairness

(Nr = 128, NRF = 40, Nue = 12 out of 200, b = 3, channel paths = 3) 

§ Fairness among scheduled user
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• Weight update (previously supported rate)
: first-order autoregressive (AR) filter

1. Round-Robin manner
: schedule users repeatedly by using proposed method

2. Proportional fairness 
: schedules users by using weighted objective function

• Weighted objective function

St(i) = arg max
k2Ki

log2(1 + SINRk(Hb(t)(St [ {k})))
µk(t)

.
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