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VISION FOR 5G COMMUNICATIONS
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Sustainable Data Rate        100 Mb/s

Latency        < 1ms

Data Traffic        50 Exabytes/Month (2021)

Peak Data Rates         20 Gb/s

Connection Density           1M Connections/km2

4G 5G

10 ms Latency

7.2 Exabytes/Month          Data Traffic

1 Gb/s        Peak Data Rates

10 Mb/s        Sustainable Data Rate 

100k Connections/km2 Connection Density

[2017 Qorvo Inc.] + Energy Efficiency

[https://www.qorvo.com/design-hub/blog/getting-to-5g-comparing-4g-and-5g-system-requirements]



Tens / hundreds 
of antennas

LARGE-SCALE ANTENNA SYSTEMS FOR 5G
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Millimeter wave communications

Massive MIMO in sub-6 GHz systems 

• High frequency: 30 – 300 GHz
• Large bandwidth: 100MHz – 1GHz
• Large pathloss / blockage

[Bristol and Lund universities]

• Substantial increase in spectral efficiency 
• Channel hardening – reduced randomness
• Quasi-orthogonal channels 

[IBM mmWave antennas]

[Marzetta10]

[Pi&Khan11]

[Andrews14]



MOTIVATION
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Focus on full RF chains (!"# = !%)

q New energy-efficient receiver architecture
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Low resolution 

• Fixed low-resolution ADCs (<<12) 
• Full RF chains (!"# = !%)
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<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>

WBB
<latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="POEpvwL6Fj2LVmOJAQ/FhaRIQq0=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbzIvHCdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2alvbO7t79f3GQfPw6Ng9aT7rrFCEBiTjmeonWFPOJA0MM5z2c0WxSDjtJZP7ed6bUqVZJp/MLKeRwCPJUkawsVbsumWYpKhXxWWoBOp0qthteW1vIbQJ/gpasFI3dr/CYUYKQaUhHGs98L3cRCVWhhFOq0ZYaJpjMsEjOrAosaA6KhebV+jCOkOUZsoeadDC/f2ixELrmUjsTYHNWK9nc/O/bFCY9CYqmcwLQyVZDkoLjkyG5jWgIVOUGD6zgIlidldExlhhYmxZDVuCv/7lTQiu2rdt/9GDOpzBOVyCD9dwBw/QhQAITOEF3uDdKZ1X52PZVs1Z1XYKf+R8/gDag5GF</latexit><latexit sha1_base64="POEpvwL6Fj2LVmOJAQ/FhaRIQq0=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbzIvHCdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2alvbO7t79f3GQfPw6Ng9aT7rrFCEBiTjmeonWFPOJA0MM5z2c0WxSDjtJZP7ed6bUqVZJp/MLKeRwCPJUkawsVbsumWYpKhXxWWoBOp0qthteW1vIbQJ/gpasFI3dr/CYUYKQaUhHGs98L3cRCVWhhFOq0ZYaJpjMsEjOrAosaA6KhebV+jCOkOUZsoeadDC/f2ixELrmUjsTYHNWK9nc/O/bFCY9CYqmcwLQyVZDkoLjkyG5jWgIVOUGD6zgIlidldExlhhYmxZDVuCv/7lTQiu2rdt/9GDOpzBOVyCD9dwBw/QhQAITOEF3uDdKZ1X52PZVs1Z1XYKf+R8/gDag5GF</latexit><latexit sha1_base64="wSaY6os6u1YXGoeGDoq6ttWdTnw=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0m8qLdSLx4rGFtoQthsN+3S3STsbgol5J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmtON8W7WNza3tnfpuY2//4PDIPj55UmkuCfVIylPZj7CinCXU00xz2s8kxSLitBdN7uZ+b0qlYmnyqGcZDQQeJSxmBGsjhbZd+FGMemVY+FKgTqcM7abTchZA68StSBMqdEP7yx+mJBc00YRjpQauk+mgwFIzwmnZ8HNFM0wmeEQHhiZYUBUUi8tLdGGUIYpTaSrRaKH+niiwUGomItMpsB6rVW8u/ucNch3fBAVLslzThCwXxTlHOkXzGNCQSUo0nxmCiWTmVkTGWGKiTVgNE4K7+vI68a5aty33wWm2O1UadTiDc7gEF66hDffQBQ8ITOEZXuHNKqwX6936WLbWrGrmFP7A+vwBLAaS5A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit>
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. . .  

+

+
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<latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="1SAzrUniFlwu8LzEIIOOOBlXvR4=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbIIjHKdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2ahubW9s79d3GXnP/4NA9aj7rrFCEBiTjmeolWFPOJA0MM5z2ckWxSDjtJuPbWd6dUKVZJp/MNKeRwEPJUkawsVbsumWYpKhbxWWoBHq8q2K35bW9udA6+EtowVKd2P0KBxkpBJWGcKx13/dyE5VYGUY4rRphoWmOyRgPad+ixILqqJxvXqEz6wxQmil7pEFz9/eLEgutpyKxNwU2I72azcz/sn5h0quoZDIvDJVkMSgtODIZmtWABkxRYvjUAiaK2V0RGWGFibFlNWwJ/uqX1yG4aF+3vQcP6nACp3AOPlzCDdxDBwIgMIEXeIN3p3RenY9FWzVnWdsx/JHz+QP3wJGY</latexit><latexit sha1_base64="1SAzrUniFlwu8LzEIIOOOBlXvR4=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbIIjHKdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2ahubW9s79d3GXnP/4NA9aj7rrFCEBiTjmeolWFPOJA0MM5z2ckWxSDjtJuPbWd6dUKVZJp/MNKeRwEPJUkawsVbsumWYpKhbxWWoBHq8q2K35bW9udA6+EtowVKd2P0KBxkpBJWGcKx13/dyE5VYGUY4rRphoWmOyRgPad+ixILqqJxvXqEz6wxQmil7pEFz9/eLEgutpyKxNwU2I72azcz/sn5h0quoZDIvDJVkMSgtODIZmtWABkxRYvjUAiaK2V0RGWGFibFlNWwJ/uqX1yG4aF+3vQcP6nACp3AOPlzCDdxDBwIgMIEXeIN3p3RenY9FWzVnWdsx/JHz+QP3wJGY</latexit><latexit sha1_base64="bhbS0Qck0WRy5m+lKFIVE8jVNwM=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokX9VYUxGMVYwtNCJvtpl26m4TdTaGE/BMvHlS8+lO8+W/ctjlo64OBx3szzMyLMs6Udpxva2V1bX1js7ZV397Z3du3Dw6fVJpLQj2S8lR2I6woZwn1NNOcdjNJsYg47USjm6nfGVOpWJo86klGA4EHCYsZwdpIoW0XfhSjThkWvhTo4bYM7YbTdGZAy8StSAMqtEP7y++nJBc00YRjpXquk+mgwFIzwmlZ93NFM0xGeEB7hiZYUBUUs8tLdGqUPopTaSrRaKb+niiwUGoiItMpsB6qRW8q/uf1ch1fBgVLslzThMwXxTlHOkXTGFCfSUo0nxiCiWTmVkSGWGKiTVh1E4K7+PIy8c6bV03n3mm0rqs0anAMJ3AGLlxAC+6gDR4QGMMzvMKbVVgv1rv1MW9dsaqZI/gD6/MHShSS9w==</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit>

Phase shifters

• Fewer RF chains (!"# ≪ !%)
• Full resolution ADCs

Low-resolution ADC systems Phase shifter-based hybrid system

Phase shifters – implementation burden
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<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>

. . .  . . .  

. . .  

. . .  WBB
<latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="POEpvwL6Fj2LVmOJAQ/FhaRIQq0=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbzIvHCdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2alvbO7t79f3GQfPw6Ng9aT7rrFCEBiTjmeonWFPOJA0MM5z2c0WxSDjtJZP7ed6bUqVZJp/MLKeRwCPJUkawsVbsumWYpKhXxWWoBOp0qthteW1vIbQJ/gpasFI3dr/CYUYKQaUhHGs98L3cRCVWhhFOq0ZYaJpjMsEjOrAosaA6KhebV+jCOkOUZsoeadDC/f2ixELrmUjsTYHNWK9nc/O/bFCY9CYqmcwLQyVZDkoLjkyG5jWgIVOUGD6zgIlidldExlhhYmxZDVuCv/7lTQiu2rdt/9GDOpzBOVyCD9dwBw/QhQAITOEF3uDdKZ1X52PZVs1Z1XYKf+R8/gDag5GF</latexit><latexit sha1_base64="POEpvwL6Fj2LVmOJAQ/FhaRIQq0=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbzIvHCdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2alvbO7t79f3GQfPw6Ng9aT7rrFCEBiTjmeonWFPOJA0MM5z2c0WxSDjtJZP7ed6bUqVZJp/MLKeRwCPJUkawsVbsumWYpKhXxWWoBOp0qthteW1vIbQJ/gpasFI3dr/CYUYKQaUhHGs98L3cRCVWhhFOq0ZYaJpjMsEjOrAosaA6KhebV+jCOkOUZsoeadDC/f2ixELrmUjsTYHNWK9nc/O/bFCY9CYqmcwLQyVZDkoLjkyG5jWgIVOUGD6zgIlidldExlhhYmxZDVuCv/7lTQiu2rdt/9GDOpzBOVyCD9dwBw/QhQAITOEF3uDdKZ1X52PZVs1Z1XYKf+R8/gDag5GF</latexit><latexit sha1_base64="wSaY6os6u1YXGoeGDoq6ttWdTnw=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0m8qLdSLx4rGFtoQthsN+3S3STsbgol5J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmtON8W7WNza3tnfpuY2//4PDIPj55UmkuCfVIylPZj7CinCXU00xz2s8kxSLitBdN7uZ+b0qlYmnyqGcZDQQeJSxmBGsjhbZd+FGMemVY+FKgTqcM7abTchZA68StSBMqdEP7yx+mJBc00YRjpQauk+mgwFIzwmnZ8HNFM0wmeEQHhiZYUBUUi8tLdGGUIYpTaSrRaKH+niiwUGomItMpsB6rVW8u/ucNch3fBAVLslzThCwXxTlHOkXzGNCQSUo0nxmCiWTmVkTGWGKiTVgNE4K7+vI68a5aty33wWm2O1UadTiDc7gEF66hDffQBQ8ITOEZXuHNKqwX6936WLbWrGrmFP7A+vwBLAaS5A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit>

Low resolution 
Switches

WRF
<latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="1SAzrUniFlwu8LzEIIOOOBlXvR4=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbIIjHKdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2ahubW9s79d3GXnP/4NA9aj7rrFCEBiTjmeolWFPOJA0MM5z2ckWxSDjtJuPbWd6dUKVZJp/MNKeRwEPJUkawsVbsumWYpKhbxWWoBHq8q2K35bW9udA6+EtowVKd2P0KBxkpBJWGcKx13/dyE5VYGUY4rRphoWmOyRgPad+ixILqqJxvXqEz6wxQmil7pEFz9/eLEgutpyKxNwU2I72azcz/sn5h0quoZDIvDJVkMSgtODIZmtWABkxRYvjUAiaK2V0RGWGFibFlNWwJ/uqX1yG4aF+3vQcP6nACp3AOPlzCDdxDBwIgMIEXeIN3p3RenY9FWzVnWdsx/JHz+QP3wJGY</latexit><latexit sha1_base64="1SAzrUniFlwu8LzEIIOOOBlXvR4=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbIIjHKdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2ahubW9s79d3GXnP/4NA9aj7rrFCEBiTjmeolWFPOJA0MM5z2ckWxSDjtJuPbWd6dUKVZJp/MNKeRwEPJUkawsVbsumWYpKhbxWWoBHq8q2K35bW9udA6+EtowVKd2P0KBxkpBJWGcKx13/dyE5VYGUY4rRphoWmOyRgPad+ixILqqJxvXqEz6wxQmil7pEFz9/eLEgutpyKxNwU2I72azcz/sn5h0quoZDIvDJVkMSgtODIZmtWABkxRYvjUAiaK2V0RGWGFibFlNWwJ/uqX1yG4aF+3vQcP6nACp3AOPlzCDdxDBwIgMIEXeIN3p3RenY9FWzVnWdsx/JHz+QP3wJGY</latexit><latexit sha1_base64="bhbS0Qck0WRy5m+lKFIVE8jVNwM=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokX9VYUxGMVYwtNCJvtpl26m4TdTaGE/BMvHlS8+lO8+W/ctjlo64OBx3szzMyLMs6Udpxva2V1bX1js7ZV397Z3du3Dw6fVJpLQj2S8lR2I6woZwn1NNOcdjNJsYg47USjm6nfGVOpWJo86klGA4EHCYsZwdpIoW0XfhSjThkWvhTo4bYM7YbTdGZAy8StSAMqtEP7y++nJBc00YRjpXquk+mgwFIzwmlZ93NFM0xGeEB7hiZYUBUUs8tLdGqUPopTaSrRaKb+niiwUGoiItMpsB6qRW8q/uf1ch1fBgVLslzThMwXxTlHOkXTGFCfSUo0nxiCiWTmVkSGWGKiTVh1E4K7+PIy8c6bV03n3mm0rqs0anAMJ3AGLlxAC+6gDR4QGMMzvMKbVVgv1rv1MW9dsaqZI/gD6/MHShSS9w==</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit>

Switch-based hybrid low-resolution ADC system

Switch-based analog combiner: antenna selection

New low-power solutionConventional low-power solutions (A, B)

Develop antenna selection algorithm generalized for different quantization levels
*Fast antenna selection **Zero forcing-transmit antenna selection

§ Previous antenna selection algorithms – ignore quantization error ex. *FAS [Gharavi-Alkhansari04], **ZF-TAS [Lin&Tsai12] [Amadori15]
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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
<latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="cE8bpjQP6BAVMoiHpdwRsVVxhOE=">AAAB43icbZDNSgMxFIXv+Ftr1erWTbAIrspMN+pOcOOygrWFdih30kwbmsmMyR2hDH0JNy5UfCd3vo3pz0JbDwQ+zknIvSfKlLTk+9/exubW9s5uaa+8Xzk4PKoeVx5tmhsuWjxVqelEaIWSWrRIkhKdzAhMIiXa0fh2lrefhbEy1Q80yUSY4FDLWHIkZ3V6IyRm+41+tebX/bnYOgRLqMFSzX71qzdIeZ4ITVyhtd3Azygs0JDkSkzLvdyKDPkYh6LrUGMibFjM552yc+cMWJwadzSxufv7RYGJtZMkcjcTpJFdzWbmf1k3p/gqLKTOchKaLz6Kc8UoZbPl2UAawUlNHCA30s3K+AgNcnIVlV0JwerK69Bq1K/r/r0PJTiFM7iAAC7hBu6gCS3goOAF3uDde/JevY9FWxvesrYT+CPv8weiH44B</latexit><latexit sha1_base64="cE8bpjQP6BAVMoiHpdwRsVVxhOE=">AAAB43icbZDNSgMxFIXv+Ftr1erWTbAIrspMN+pOcOOygrWFdih30kwbmsmMyR2hDH0JNy5UfCd3vo3pz0JbDwQ+zknIvSfKlLTk+9/exubW9s5uaa+8Xzk4PKoeVx5tmhsuWjxVqelEaIWSWrRIkhKdzAhMIiXa0fh2lrefhbEy1Q80yUSY4FDLWHIkZ3V6IyRm+41+tebX/bnYOgRLqMFSzX71qzdIeZ4ITVyhtd3Azygs0JDkSkzLvdyKDPkYh6LrUGMibFjM552yc+cMWJwadzSxufv7RYGJtZMkcjcTpJFdzWbmf1k3p/gqLKTOchKaLz6Kc8UoZbPl2UAawUlNHCA30s3K+AgNcnIVlV0JwerK69Bq1K/r/r0PJTiFM7iAAC7hBu6gCS3goOAF3uDde/JevY9FWxvesrYT+CPv8weiH44B</latexit><latexit sha1_base64="u/1MnWxlwn7OcIcGffOn4rIX/gA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLiibRc1BvRi0dMrJBAQ7bLFjZst3V3akIa/oQXD2q8+nu8+W9coAcFXzLJy3szmZkXplIYdN1vp7S2vrG5Vd6u7Ozu7R9UD48eTJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4Zua3n7g2IlH3OEl5ENOhEpFgFK3U6Y0oEtNv9Ks1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ/fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DLIhUoz5IotFkWZJJiQ2fNkIDRnKCeWUKaFvZWwEdWUoY2oYkPwll9eJX6jflV379xa87pIowwncArn4MEFNOEWWuADAwnP8ApvzqPz4rw7H4vWklPMHMMfOJ8/zkWPVg==</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit>
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§ Narrowband channel model

Average Tx power

Channel matrix
User symbols

AWGN vector

q Rx signal vector after antenna selection
rK =

p
⇢HKs+ nK

<latexit sha1_base64="i2swBmfUk1ZoRiRnU+0E1OumQgs="></latexit><latexit sha1_base64="i2swBmfUk1ZoRiRnU+0E1OumQgs="></latexit><latexit sha1_base64="i2swBmfUk1ZoRiRnU+0E1OumQgs="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="1yaElhBgedKVJKE0Yj84d1YxfXg=">AAACL3icbVBPS8MwHP11/ptzavXqJTgEQRitF/UgCF4GXqZYN1jLSLN0C0vTmqTCKP1eXvwS3rx48aDil7DtdnCbD0Ie772Q3+/5MWdKW9abUVlZXVvfqG7WturbO7vmXv1BRYkk1CERj2TXx4pyJqijmea0G0uKQ5/Tjj++LvzOE5WKReJeT2LqhXgoWMAI1rnUN+9Q6voBklnfDbEeEczTmwxdIlc9Sp26chRl00RrLlFKKjspbzFn1fpmw2paJdAysWekATO0++arO4hIElKhCcdK9Wwr1l6KpWaE06zmJorGmIzxkPZyKnBIlZeWu2foKFcGKIhkfoRGpfr3RYpDpSahnyeLGdWiV4j/eb1EB+deykScaCrI9KMg4UhHqCgSDZikRPNJTjCRLJ8VkRGWmOi87qIEe3HlZeKcNi+a9q0FVTiAQzgGG87gClrQBgcIPMM7fMKX8WJ8GN/TtirGrLZ9mIPx8wvTuqzW</latexit><latexit sha1_base64="1yaElhBgedKVJKE0Yj84d1YxfXg=">AAACL3icbVBPS8MwHP11/ptzavXqJTgEQRitF/UgCF4GXqZYN1jLSLN0C0vTmqTCKP1eXvwS3rx48aDil7DtdnCbD0Ie772Q3+/5MWdKW9abUVlZXVvfqG7WturbO7vmXv1BRYkk1CERj2TXx4pyJqijmea0G0uKQ5/Tjj++LvzOE5WKReJeT2LqhXgoWMAI1rnUN+9Q6voBklnfDbEeEczTmwxdIlc9Sp26chRl00RrLlFKKjspbzFn1fpmw2paJdAysWekATO0++arO4hIElKhCcdK9Wwr1l6KpWaE06zmJorGmIzxkPZyKnBIlZeWu2foKFcGKIhkfoRGpfr3RYpDpSahnyeLGdWiV4j/eb1EB+deykScaCrI9KMg4UhHqCgSDZikRPNJTjCRLJ8VkRGWmOi87qIEe3HlZeKcNi+a9q0FVTiAQzgGG87gClrQBgcIPMM7fMKX8WJ8GN/TtirGrLZ9mIPx8wvTuqzW</latexit><latexit sha1_base64="KDfTCS8RC9dcwQne15A/DzR6COQ=">AAACOnicbVDLSsNAFJ34rPUVdelmsAiCUBI36kIouim4qWJsoQllMp20QyczcWYilJD/cuNPuHPjxoWKWz/AJM3Ctl4Y5nDOudx7jx8xqrRlvRoLi0vLK6uVter6xubWtrmze69ELDFxsGBCdnykCKOcOJpqRjqRJCj0GWn7o6tcbz8Sqajgd3ocES9EA04DipHOqJ55CxPXD6BMe26I9BAjllyn8AK66kHqxJVDkU4czSlHQan0uPj5lFTtmTWrbhUF54Fdghooq9UzX9y+wHFIuMYMKdW1rUh7CZKaYkbSqhsrEiE8QgPSzSBHIVFeUtyewsOM6cNAyOxxDQv2b0eCQqXGoZ858x3VrJaT/2ndWAdnXkJ5FGvC8WRQEDOoBcyDhH0qCdZsnAGEJc12hXiIJMI6izsPwZ49eR44J/Xzun1j1RqXZRoVsA8OwBGwwSlogCZoAQdg8ATewAf4NJ6Nd+PL+J5YF4yyZw9MlfHzC0jBrnc=</latexit><latexit sha1_base64="i2swBmfUk1ZoRiRnU+0E1OumQgs="></latexit><latexit sha1_base64="i2swBmfUk1ZoRiRnU+0E1OumQgs="></latexit><latexit sha1_base64="i2swBmfUk1ZoRiRnU+0E1OumQgs="></latexit><latexit sha1_base64="i2swBmfUk1ZoRiRnU+0E1OumQgs="></latexit><latexit sha1_base64="i2swBmfUk1ZoRiRnU+0E1OumQgs="></latexit><latexit sha1_base64="i2swBmfUk1ZoRiRnU+0E1OumQgs="></latexit>

Index set of selected antennas
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RF 
chain

RF 
chain

Baseband
Combiner

RF 
chain

AADC

AADC

AADC

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
<latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="cE8bpjQP6BAVMoiHpdwRsVVxhOE=">AAAB43icbZDNSgMxFIXv+Ftr1erWTbAIrspMN+pOcOOygrWFdih30kwbmsmMyR2hDH0JNy5UfCd3vo3pz0JbDwQ+zknIvSfKlLTk+9/exubW9s5uaa+8Xzk4PKoeVx5tmhsuWjxVqelEaIWSWrRIkhKdzAhMIiXa0fh2lrefhbEy1Q80yUSY4FDLWHIkZ3V6IyRm+41+tebX/bnYOgRLqMFSzX71qzdIeZ4ITVyhtd3Azygs0JDkSkzLvdyKDPkYh6LrUGMibFjM552yc+cMWJwadzSxufv7RYGJtZMkcjcTpJFdzWbmf1k3p/gqLKTOchKaLz6Kc8UoZbPl2UAawUlNHCA30s3K+AgNcnIVlV0JwerK69Bq1K/r/r0PJTiFM7iAAC7hBu6gCS3goOAF3uDde/JevY9FWxvesrYT+CPv8weiH44B</latexit><latexit sha1_base64="cE8bpjQP6BAVMoiHpdwRsVVxhOE=">AAAB43icbZDNSgMxFIXv+Ftr1erWTbAIrspMN+pOcOOygrWFdih30kwbmsmMyR2hDH0JNy5UfCd3vo3pz0JbDwQ+zknIvSfKlLTk+9/exubW9s5uaa+8Xzk4PKoeVx5tmhsuWjxVqelEaIWSWrRIkhKdzAhMIiXa0fh2lrefhbEy1Q80yUSY4FDLWHIkZ3V6IyRm+41+tebX/bnYOgRLqMFSzX71qzdIeZ4ITVyhtd3Azygs0JDkSkzLvdyKDPkYh6LrUGMibFjM552yc+cMWJwadzSxufv7RYGJtZMkcjcTpJFdzWbmf1k3p/gqLKTOchKaLz6Kc8UoZbPl2UAawUlNHCA30s3K+AgNcnIVlV0JwerK69Bq1K/r/r0PJTiFM7iAAC7hBu6gCS3goOAF3uDde/JevY9FWxvesrYT+CPv8weiH44B</latexit><latexit sha1_base64="u/1MnWxlwn7OcIcGffOn4rIX/gA=">AAAB7nicbVBNT8JAEJ3iF+IX6tHLRmLiibRc1BvRi0dMrJBAQ7bLFjZst3V3akIa/oQXD2q8+nu8+W9coAcFXzLJy3szmZkXplIYdN1vp7S2vrG5Vd6u7Ozu7R9UD48eTJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4Zua3n7g2IlH3OEl5ENOhEpFgFK3U6Y0oEtNv9Ks1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ/fOyVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6DLIhUoz5IotFkWZJJiQ2fNkIDRnKCeWUKaFvZWwEdWUoY2oYkPwll9eJX6jflV379xa87pIowwncArn4MEFNOEWWuADAwnP8ApvzqPz4rw7H4vWklPMHMMfOJ8/zkWPVg==</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit><latexit sha1_base64="ag+BoAFNoBmXSBcsFyApB62LAr8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvRi8cKxhbaUDbbTbt0s4m7E6GE/gkvHlS8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7K6tr6xWdoqb+/s7u1XDg4fTJJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+HoZuq3nrg2IlH3OE55ENOBEpFgFK3U7g4pEtOr9ypVt+bOQJaJV5AqFGj2Kl/dfsKymCtkkhrT8dwUg5xqFEzySbmbGZ5SNqID3rFU0ZibIJ/dOyGnVumTKNG2FJKZ+nsip7Ex4zi0nTHFoVn0puJ/XifD6DLIhUoz5IrNF0WZJJiQ6fOkLzRnKMeWUKaFvZWwIdWUoY2obEPwFl9eJn69dlVz786rjesijRIcwwmcgQcX0IBbaIIPDCQ8wyu8OY/Oi/PufMxbV5xi5gj+wPn8Ac+Fj1o=</latexit>
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<latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx 7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx 7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx 7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit ><latexit sha1_base64="jIhsAxq4yjTwbEeJQ0O31FU731A=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY0rqeDYQjsMmTTThmYyY3KnUIZ5DjcuVHwid76N6c9CWw8EPs5JuDcnyqQw6LrfTmVjc2t7p7pb26vvHxw2jupPJs014z5LZaq7ETVcCsV9FCh5N9OcJpHknWh8O8s7E66NSNUjTjMeJHSoRCwYRWsF/RHFwpRhcR/mZdhoui13LrIO3hKasFQ7bHz1BynLE66QSWpMz3MzDAqqUTDJy1o/NzyjbEyHvGdR0YSboJgvXZIz6wxInGp7FJK5+/tFQRNjpklkbyYUR2Y1m5n/Zb0c46ugECrLkSu2GBTnkmBKZg2QgdCcoZxaoEwLuythI6opQ9tTzZbgrX55HfyL1nXLfXChCidwCufgwSXcwB20wQcGz/ACb/DuTJxX52PRVsVZ1nYMf +R8/gB6GpDu</latexit><latexit sha1_base64="jIhsAxq4yjTwbEeJQ0O31FU731A=">AAAB6HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY0rqeDYQjsMmTTThmYyY3KnUIZ5DjcuVHwid76N6c9CWw8EPs5JuDcnyqQw6LrfTmVjc2t7p7pb26vvHxw2jupPJs014z5LZaq7ETVcCsV9FCh5N9OcJpHknWh8O8s7E66NSNUjTjMeJHSoRCwYRWsF/RHFwpRhcR/mZdhoui13LrIO3hKasFQ7bHz1BynLE66QSWpMz3MzDAqqUTDJy1o/NzyjbEyHvGdR0YSboJgvXZIz6wxInGp7FJK5+/tFQRNjpklkbyYUR2Y1m5n/Zb0c46ugECrLkSu2GBTnkmBKZg2QgdCcoZxaoEwLuythI6opQ9tTzZbgrX55HfyL1nXLfXChCidwCufgwSXcwB20wQcGz/ACb/DuTJxX52PRVsVZ1nYMf +R8/gB6GpDu</latexit><latexit sha1_base64="YBsZh/NNrfaDGZyycrpt+MKgN34=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRe1FvRiyepYLTQhrDZbtqlm03cnRRKyO/w4kHFq3/Gm//GbZuDtj4YeLw3w8y8MBVco+N8W5WV1bX1jepmbWt7Z3evvn/woJNMUebRRCSqExLNBJfMQ46CdVLFSBwK9hiOrqf+45gpzRN5j5OU+TEZSB5xStBIfm9IMNdFkN8GWRHUG07TmcFeJm5JGlCiHdS/ev2EZjGTSAXRuus6Kfo5UcipYEWtl2mWEjoiA9Y1VJKYaT+fHV3YJ0bp21GiTEm0Z+rviZzEWk/i0HTGBId60ZuK/3ndDKMLP+cyzZBJOl8UZcLGxJ4mYPe5YhTFxBBCFTe32nRIFKFocqqZENzFl5eJd9a8bDp3TqN1VaZRhSM4hlNw4RxacANt8IDCEzzDK7xZY+vFerc+5 q0Vq5w5hD+wPn8AxcCSSA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx 7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx 7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx 7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx 7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx 7y1ZBUzh/AH1ucPxwCSTA==</latexit>
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WRF
<latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="1SAzrUniFlwu8LzEIIOOOBlXvR4=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbIIjHKdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2ahubW9s79d3GXnP/4NA9aj7rrFCEBiTjmeolWFPOJA0MM5z2ckWxSDjtJuPbWd6dUKVZJp/MNKeRwEPJUkawsVbsumWYpKhbxWWoBHq8q2K35bW9udA6+EtowVKd2P0KBxkpBJWGcKx13/dyE5VYGUY4rRphoWmOyRgPad+ixILqqJxvXqEz6wxQmil7pEFz9/eLEgutpyKxNwU2I72azcz/sn5h0quoZDIvDJVkMSgtODIZmtWABkxRYvjUAiaK2V0RGWGFibFlNWwJ/uqX1yG4aF+3vQcP6nACp3AOPlzCDdxDBwIgMIEXeIN3p3RenY9FWzVnWdsx/JHz+QP3wJGY</latexit><latexit sha1_base64="1SAzrUniFlwu8LzEIIOOOBlXvR4=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbIIjHKdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2ahubW9s79d3GXnP/4NA9aj7rrFCEBiTjmeolWFPOJA0MM5z2ckWxSDjtJuPbWd6dUKVZJp/MNKeRwEPJUkawsVbsumWYpKhbxWWoBHq8q2K35bW9udA6+EtowVKd2P0KBxkpBJWGcKx13/dyE5VYGUY4rRphoWmOyRgPad+ixILqqJxvXqEz6wxQmil7pEFz9/eLEgutpyKxNwU2I72azcz/sn5h0quoZDIvDJVkMSgtODIZmtWABkxRYvjUAiaK2V0RGWGFibFlNWwJ/uqX1yG4aF+3vQcP6nACp3AOPlzCDdxDBwIgMIEXeIN3p3RenY9FWzVnWdsx/JHz+QP3wJGY</latexit><latexit sha1_base64="bhbS0Qck0WRy5m+lKFIVE8jVNwM=">AAAB+HicbVBNS8NAEJ34WetX1KOXxSJ4KokX9VYUxGMVYwtNCJvtpl26m4TdTaGE/BMvHlS8+lO8+W/ctjlo64OBx3szzMyLMs6Udpxva2V1bX1js7ZV397Z3du3Dw6fVJpLQj2S8lR2I6woZwn1NNOcdjNJsYg47USjm6nfGVOpWJo86klGA4EHCYsZwdpIoW0XfhSjThkWvhTo4bYM7YbTdGZAy8StSAMqtEP7y++nJBc00YRjpXquk+mgwFIzwmlZ93NFM0xGeEB7hiZYUBUUs8tLdGqUPopTaSrRaKb+niiwUGoiItMpsB6qRW8q/uf1ch1fBgVLslzThMwXxTlHOkXTGFCfSUo0nxiCiWTmVkSGWGKiTVh1E4K7+PIy8c6bV03n3mm0rqs0anAMJ3AGLlxAC+6gDR4QGMMzvMKbVVgv1rv1MW9dsaqZI/gD6/MHShSS9w==</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit><latexit sha1_base64="Qjc5Daw8ed+rwgYvPWpSIvtj+YM=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lFUG9FQTxWMbbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDtj4YeLw3w8y8MOVMacf5tiorq2vrG9XN2tb2zu6evX/wpJJMEuqShCeyG2JFORPU1Uxz2k0lxXHIaScc3Uz9zphKxRLxqCcp9WM8ECxiBGsjBbade2GEOkWQezJGD7dFYNedhjMDWibNktShRDuwv7x+QrKYCk04VqrXdFLt51hqRjgtal6maIrJCA9oz1CBY6r8fHZ5gU6M0kdRIk0JjWbq74kcx0pN4tB0xlgP1aI3Ff/zepmOLv2ciTTTVJD5oijjSCdoGgPqM0mJ5hNDMJHM3IrIEEtMtAmrZkJoLr68TNyzxlXDuT+vt67LNKpwBMdwCk24gBbcQRtcIDCGZ3iFNyu3Xqx362PeWrHKmUP4A+vzB0tUkvs=</latexit>

Switch-based analog combiner
Low-resolution ADCs

K antennas

Mutual Information

Proposed receiver architecture

Quantization noise variance (assumes Gaussian q)

q Quantized signal vector
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*Additive quantization noise model

Linear quantization gain Additive quantization noise

§ Linear quantization gain

§ Quantization noise covariance
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y
<latexit sha1_base64="sqvkKPd1Im/J4Yc2ZDNhNFKApwo=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lq6Met6MVjBWMLbSib7aZdutmE3Y1QQn+DFw8qXv1D3vw3btoKKvpg4PHeDDPzgoQzpW37wyqsrW9sbhW3Szu7e/sH5cOjOxWnklCPxDyWvQArypmgnmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbyRsEIZoNyxW72mrWa24d2VXbbjg1Jye1hnvhIscoOSqwQmdYfh+MYpJGVGjCsVJ9x060n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYdPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof+LVqq2qc+NW2perNIpwAqdwDg40oA3X0AEPCDB4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ATcCjn8=</latexit><latexit sha1_base64="sqvkKPd1Im/J4Yc2ZDNhNFKApwo=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lq6Met6MVjBWMLbSib7aZdutmE3Y1QQn+DFw8qXv1D3vw3btoKKvpg4PHeDDPzgoQzpW37wyqsrW9sbhW3Szu7e/sH5cOjOxWnklCPxDyWvQArypmgnmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbyRsEIZoNyxW72mrWa24d2VXbbjg1Jye1hnvhIscoOSqwQmdYfh+MYpJGVGjCsVJ9x060n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYdPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof+LVqq2qc+NW2perNIpwAqdwDg40oA3X0AEPCDB4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ATcCjn8=</latexit><latexit sha1_base64="sqvkKPd1Im/J4Yc2ZDNhNFKApwo=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lq6Met6MVjBWMLbSib7aZdutmE3Y1QQn+DFw8qXv1D3vw3btoKKvpg4PHeDDPzgoQzpW37wyqsrW9sbhW3Szu7e/sH5cOjOxWnklCPxDyWvQArypmgnmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbyRsEIZoNyxW72mrWa24d2VXbbjg1Jye1hnvhIscoOSqwQmdYfh+MYpJGVGjCsVJ9x060n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYdPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof+LVqq2qc+NW2perNIpwAqdwDg40oA3X0AEPCDB4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ATcCjn8=</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="OOzdIu2b4N5lFF2X4UYnTXuypJA=">AAAB4HicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnuHFZwbGFdiiZ9E4bmskMyR1hKH0GNy5UfCp3vo3pz0JbDwQ+zknIvSfOlbTk+9/exubW9s5uZa+6Xzs4PKof155sVhiBochUZjoxt6ikxpAkKezkBnkaK2zH47tZ3n5GY2WmH6nMMUr5UMtECk7OCntxwsp+veE3/bnYOgRLaMBSrX79qzfIRJGiJqG4td3AzymacENSKJxWe4XFnIsxH2LXoeYp2mgyH3bKzp0zYElm3NHE5u7vFxOeWlumsbuZchrZ1Wxm/pd1C0quo4nUeUGoxeKjpFCMMjbbnA2kQUGqdMCFkW5WJkbccEGun6orIVhdeR3Cy+ZNM3jwoQKncAYXEMAV3MI9tCAEARJe4A3ePe29eh+Ltja8ZW0n8Efe5w+1dYzn</latexit><latexit sha1_base64="TUHRSRTn11zm98ss2RLpIDM39gM=">AAAB4HicdZBPS8MwGMbfzn9zTp1evQSH4Km0dezPTfDicYLVwVZGmqVbWJqWJBVK2Wfw4kHFT+XNb2O6TVDRBwIPvych7/uEKWdKO86HVdnY3Nreqe7W9ur7B4eNo/qdSjJJqE8SnshBiBXlTFBfM83pIJUUxyGn9+H8qszvH6hULBG3Ok9pEOOpYBEjWBvkj8II5eNG07F73bbXaiPHdpyO67ml8TqtixZyDSnVhLX648b7aJKQLKZCE46VGrpOqoMCS80Ip4vaKFM0xWSOp3RorMAxVUGxHHaBzgyZoCiR5giNlvT7iwLHSuVxaG7GWM/U76yEf2XDTEfdoGAizTQVZPVRlHGkE1RujiZMUqJ5bgwmkplZEZlhiYk2/dRMCV+bov+N79k9271xoAoncArn4EIHLuEa+uADAQaP8AwvlrCerNdVWxVrXdsx/JD19gkSe40p</latexit><latexit sha1_base64="4FxnTIcVKsmQ408u87V3Znne39Y=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFSax9LErunFZwdhCG8pkOmmHTiZhZiKE0G9w40LFrT/kzr9x0lZQ0QMXDufcy733BAlnSiP0YZXW1jc2t8rblZ3dvf2D6uHRnYpTSahHYh7LfoAV5UxQTzPNaT+RFEcBp71gdlX4vXsqFYvFrc4S6kd4IljICNZG8oZBCLNRtYbsdqvh1hsQ2Qg1HdcpiNusX9ShY5QCNbBCd1R9H45jkkZUaMKxUgMHJdrPsdSMcDqvDFNFE0xmeEIHhgocUeXni2Pn8MwoYxjG0pTQcKF+n8hxpFQWBaYzwnqqfnuF+Jc3SHXY8nMmklRTQZaLwpRDHcPiczhmkhLNM0MwkczcCskUS0y0yadiQvj6FP5PPNdu284NqnUuV2mUwQk4BefAAU3QAdegCzxAAAMP4Ak8W8J6tF6s12VryVrNHIMfsN4+ATXCjns=</latexit><latexit sha1_base64="sqvkKPd1Im/J4Yc2ZDNhNFKApwo=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lq6Met6MVjBWMLbSib7aZdutmE3Y1QQn+DFw8qXv1D3vw3btoKKvpg4PHeDDPzgoQzpW37wyqsrW9sbhW3Szu7e/sH5cOjOxWnklCPxDyWvQArypmgnmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbyRsEIZoNyxW72mrWa24d2VXbbjg1Jye1hnvhIscoOSqwQmdYfh+MYpJGVGjCsVJ9x060n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYdPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof+LVqq2qc+NW2perNIpwAqdwDg40oA3X0AEPCDB4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ATcCjn8=</latexit><latexit sha1_base64="sqvkKPd1Im/J4Yc2ZDNhNFKApwo=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lq6Met6MVjBWMLbSib7aZdutmE3Y1QQn+DFw8qXv1D3vw3btoKKvpg4PHeDDPzgoQzpW37wyqsrW9sbhW3Szu7e/sH5cOjOxWnklCPxDyWvQArypmgnmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbyRsEIZoNyxW72mrWa24d2VXbbjg1Jye1hnvhIscoOSqwQmdYfh+MYpJGVGjCsVJ9x060n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYdPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof+LVqq2qc+NW2perNIpwAqdwDg40oA3X0AEPCDB4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ATcCjn8=</latexit><latexit sha1_base64="sqvkKPd1Im/J4Yc2ZDNhNFKApwo=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lq6Met6MVjBWMLbSib7aZdutmE3Y1QQn+DFw8qXv1D3vw3btoKKvpg4PHeDDPzgoQzpW37wyqsrW9sbhW3Szu7e/sH5cOjOxWnklCPxDyWvQArypmgnmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbyRsEIZoNyxW72mrWa24d2VXbbjg1Jye1hnvhIscoOSqwQmdYfh+MYpJGVGjCsVJ9x060n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYdPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof+LVqq2qc+NW2perNIpwAqdwDg40oA3X0AEPCDB4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ATcCjn8=</latexit><latexit sha1_base64="sqvkKPd1Im/J4Yc2ZDNhNFKApwo=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lq6Met6MVjBWMLbSib7aZdutmE3Y1QQn+DFw8qXv1D3vw3btoKKvpg4PHeDDPzgoQzpW37wyqsrW9sbhW3Szu7e/sH5cOjOxWnklCPxDyWvQArypmgnmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbyRsEIZoNyxW72mrWa24d2VXbbjg1Jye1hnvhIscoOSqwQmdYfh+MYpJGVGjCsVJ9x060n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYdPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof+LVqq2qc+NW2perNIpwAqdwDg40oA3X0AEPCDB4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ATcCjn8=</latexit><latexit sha1_base64="sqvkKPd1Im/J4Yc2ZDNhNFKApwo=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lq6Met6MVjBWMLbSib7aZdutmE3Y1QQn+DFw8qXv1D3vw3btoKKvpg4PHeDDPzgoQzpW37wyqsrW9sbhW3Szu7e/sH5cOjOxWnklCPxDyWvQArypmgnmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbyRsEIZoNyxW72mrWa24d2VXbbjg1Jye1hnvhIscoOSqwQmdYfh+MYpJGVGjCsVJ9x060n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYdPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof+LVqq2qc+NW2perNIpwAqdwDg40oA3X0AEPCDB4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ATcCjn8=</latexit><latexit sha1_base64="sqvkKPd1Im/J4Yc2ZDNhNFKApwo=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0lq6Met6MVjBWMLbSib7aZdutmE3Y1QQn+DFw8qXv1D3vw3btoKKvpg4PHeDDPzgoQzpW37wyqsrW9sbhW3Szu7e/sH5cOjOxWnklCPxDyWvQArypmgnmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbyRsEIZoNyxW72mrWa24d2VXbbjg1Jye1hnvhIscoOSqwQmdYfh+MYpJGVGjCsVJ9x060n2GpGeF0XhqkiiaYTPGY9g0VOKLKzxbHztGZUUYojKUpodFC/T6R4UipWRSYzgjrifrt5eJfXj/VYdPPmEhSTQVZLgpTjnSM8s/RiElKNJ8Zgolk5lZEJlhiok0+JRPC16fof+LVqq2qc+NW2perNIpwAqdwDg40oA3X0AEPCDB4gCd4toT1aL1Yr8vWgrWaOYYfsN4+ATcCjn8=</latexit>

y = Q
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Re{y}
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�
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p
puHKs+ ↵nK + q

<latexit sha1_base64="bWEF9DknkAXefW1P18Pfu8Obeu8="></latexit><latexit sha1_base64="bWEF9DknkAXefW1P18Pfu8Obeu8="></latexit><latexit sha1_base64="bWEF9DknkAXefW1P18Pfu8Obeu8="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="PhceV3QPczVQoVBqQ9d++fWXt3k="></latexit><latexit sha1_base64="PhceV3QPczVQoVBqQ9d++fWXt3k="></latexit><latexit sha1_base64="wXQGrXP7vIe8N6jucYaA8ZY02UM="></latexit><latexit sha1_base64="bWEF9DknkAXefW1P18Pfu8Obeu8="></latexit><latexit sha1_base64="bWEF9DknkAXefW1P18Pfu8Obeu8="></latexit><latexit sha1_base64="bWEF9DknkAXefW1P18Pfu8Obeu8="></latexit><latexit sha1_base64="bWEF9DknkAXefW1P18Pfu8Obeu8="></latexit><latexit sha1_base64="bWEF9DknkAXefW1P18Pfu8Obeu8="></latexit><latexit sha1_base64="bWEF9DknkAXefW1P18Pfu8Obeu8="></latexit>

§ Linear approximation by using AQNM*

Diagonal matrix

< 1
K

<latexit sha1_base64="TJdZXuFYhgxghgS6olJ/wl8EH64=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL4KXFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPEJiMow==</latexit><latexit sha1_base64="TJdZXuFYhgxghgS6olJ/wl8EH64=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL4KXFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPEJiMow==</latexit><latexit sha1_base64="TJdZXuFYhgxghgS6olJ/wl8EH64=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL4KXFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPEJiMow==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="EGOEjEFR3x76DoINIh58kC6IPeI=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3gpgXHFtqhZNI7bWwmGZKMUIY+gRsXKj6XO9/G9GehrQcCH+ck5N4TZ4Ib6/vfXmljc2t7p7xb2avuHxzWjqqPRuWaYciUULoTU4OCSwwttwI7mUaaxgLb8fh2lrefURuu5IOdZBildCh5whm1zmrd92t1v+HPRdYhWEIdlmr2a1+9gWJ5itIyQY3pBn5mo4Jqy5nAaaWXG8woG9Mhdh1KmqKJivmgU3LmnAFJlHZHWjJ3f78oaGrMJI3dzZTakVnNZuZ/WTe3yVVUcJnlFiVbfJTkglhFZluTAdfIrJg4oExzNythI6ops66biishWF15HcKLxnUjaPlQhhM4hXMI4BJu4A6aEAIDhBd4g3fvyXv1PhZtlbxlbcfwR97nD/++i1E=</latexit><latexit sha1_base64="EGOEjEFR3x76DoINIh58kC6IPeI=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3Kg7wY3gpgXHFtqhZNI7bWwmGZKMUIY+gRsXKj6XO9/G9GehrQcCH+ck5N4TZ4Ib6/vfXmljc2t7p7xb2avuHxzWjqqPRuWaYciUULoTU4OCSwwttwI7mUaaxgLb8fh2lrefURuu5IOdZBildCh5whm1zmrd92t1v+HPRdYhWEIdlmr2a1+9gWJ5itIyQY3pBn5mo4Jqy5nAaaWXG8woG9Mhdh1KmqKJivmgU3LmnAFJlHZHWjJ3f78oaGrMJI3dzZTakVnNZuZ/WTe3yVVUcJnlFiVbfJTkglhFZluTAdfIrJg4oExzNythI6ops66biishWF15HcKLxnUjaPlQhhM4hXMI4BJu4A6aEAIDhBd4g3fvyXv1PhZtlbxlbcfwR97nD/++i1E=</latexit><latexit sha1_base64="ze7TBDZJXg/GNd1Df/h4mwSGKVQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokX9Vb0InhpwdhCG8pmO2nXbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSq4Nq777aysrq1vbJa2yts7u3v7lYPDB51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKbIWjm6nfekKleSLvzTjFIKYDySPOqLFS865Xqbo1dwayTLyCVKFAo1f56vYTlsUoDRNU647npibIqTKcCZyUu5nGlLIRHWDHUklj1EE+O3RCTq3SJ1GibElDZurviZzGWo/j0HbG1Az1ojcV//M6mYkug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynbELzFl5eJf167qnlNt1q/LtIowTGcwBl4cAF1uIUG+MAA4Rle4c15dF6cd+dj3rriFDNH8AfO5w8PWIyf</latexit><latexit sha1_base64="TJdZXuFYhgxghgS6olJ/wl8EH64=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL4KXFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPEJiMow==</latexit><latexit sha1_base64="TJdZXuFYhgxghgS6olJ/wl8EH64=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL4KXFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPEJiMow==</latexit><latexit sha1_base64="TJdZXuFYhgxghgS6olJ/wl8EH64=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL4KXFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPEJiMow==</latexit><latexit sha1_base64="TJdZXuFYhgxghgS6olJ/wl8EH64=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL4KXFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPEJiMow==</latexit><latexit sha1_base64="TJdZXuFYhgxghgS6olJ/wl8EH64=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL4KXFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPEJiMow==</latexit><latexit sha1_base64="TJdZXuFYhgxghgS6olJ/wl8EH64=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL4KXFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWN5b8YJBhEdSN7njBorNe665YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldp2nUYQjOIZT8OACanALdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucPEJiMow==</latexit>
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<latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="cyk9a0h9BItbEFhPkpcsgBB/gWs="></latexit><latexit sha1_base64="cyk9a0h9BItbEFhPkpcsgBB/gWs="></latexit><latexit sha1_base64="RclQ4OvLJusM7YCOlhF+zfHA4yg="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit>

rK
<latexit sha1_base64="6RNor6s67wxQI2VrRco7XM1fJGw=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJRLDLghvBTQV7gTaUyXTSDp1MwsxEKCFufBU3LhRx61u4822cpFlo6w8DH/85hznn92POlHacb2tldW19Y7OyVd3e2d3btw8OOypKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9d5vftApWKRuNezmHohHgsWMIK1sYb28SDEeuIHqcyGacEE8/Q2y4Z2zak7hdAyuCXUoFRraH8NRhFJQio04VipvuvE2kux1IxwmlUHiaIxJlM8pn2DAodUeWlxQYbOjDNCQSTNExoV7u+JFIdKzULfdOY7qsVabv5X6yc6aHgpE3GiqSDzj4KEIx2hPA40YpISzWcGMJHM7IrIBEtMtAmtakJwF09ehs5F3XXq7t1lrdko46jACZzCObhwBU24gRa0gcAjPMMrvFlP1ov1bn3MW1escuYI/sj6/AGgLJeZ</latexit><latexit sha1_base64="6RNor6s67wxQI2VrRco7XM1fJGw=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJRLDLghvBTQV7gTaUyXTSDp1MwsxEKCFufBU3LhRx61u4822cpFlo6w8DH/85hznn92POlHacb2tldW19Y7OyVd3e2d3btw8OOypKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9d5vftApWKRuNezmHohHgsWMIK1sYb28SDEeuIHqcyGacEE8/Q2y4Z2zak7hdAyuCXUoFRraH8NRhFJQio04VipvuvE2kux1IxwmlUHiaIxJlM8pn2DAodUeWlxQYbOjDNCQSTNExoV7u+JFIdKzULfdOY7qsVabv5X6yc6aHgpE3GiqSDzj4KEIx2hPA40YpISzWcGMJHM7IrIBEtMtAmtakJwF09ehs5F3XXq7t1lrdko46jACZzCObhwBU24gRa0gcAjPMMrvFlP1ov1bn3MW1escuYI/sj6/AGgLJeZ</latexit><latexit sha1_base64="6RNor6s67wxQI2VrRco7XM1fJGw=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJRLDLghvBTQV7gTaUyXTSDp1MwsxEKCFufBU3LhRx61u4822cpFlo6w8DH/85hznn92POlHacb2tldW19Y7OyVd3e2d3btw8OOypKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9d5vftApWKRuNezmHohHgsWMIK1sYb28SDEeuIHqcyGacEE8/Q2y4Z2zak7hdAyuCXUoFRraH8NRhFJQio04VipvuvE2kux1IxwmlUHiaIxJlM8pn2DAodUeWlxQYbOjDNCQSTNExoV7u+JFIdKzULfdOY7qsVabv5X6yc6aHgpE3GiqSDzj4KEIx2hPA40YpISzWcGMJHM7IrIBEtMtAmtakJwF09ehs5F3XXq7t1lrdko46jACZzCObhwBU24gRa0gcAjPMMrvFlP1ov1bn3MW1escuYI/sj6/AGgLJeZ</latexit><latexit sha1_base64="6RNor6s67wxQI2VrRco7XM1fJGw=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJRLDLghvBTQV7gTaUyXTSDp1MwsxEKCFufBU3LhRx61u4822cpFlo6w8DH/85hznn92POlHacb2tldW19Y7OyVd3e2d3btw8OOypKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9d5vftApWKRuNezmHohHgsWMIK1sYb28SDEeuIHqcyGacEE8/Q2y4Z2zak7hdAyuCXUoFRraH8NRhFJQio04VipvuvE2kux1IxwmlUHiaIxJlM8pn2DAodUeWlxQYbOjDNCQSTNExoV7u+JFIdKzULfdOY7qsVabv5X6yc6aHgpE3GiqSDzj4KEIx2hPA40YpISzWcGMJHM7IrIBEtMtAmtakJwF09ehs5F3XXq7t1lrdko46jACZzCObhwBU24gRa0gcAjPMMrvFlP1ov1bn3MW1escuYI/sj6/AGgLJeZ</latexit><latexit sha1_base64="6RNor6s67wxQI2VrRco7XM1fJGw=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWwVVJRLDLghvBTQV7gTaUyXTSDp1MwsxEKCFufBU3LhRx61u4822cpFlo6w8DH/85hznn92POlHacb2tldW19Y7OyVd3e2d3btw8OOypKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9d5vftApWKRuNezmHohHgsWMIK1sYb28SDEeuIHqcyGacEE8/Q2y4Z2zak7hdAyuCXUoFRraH8NRhFJQio04VipvuvE2kux1IxwmlUHiaIxJlM8pn2DAodUeWlxQYbOjDNCQSTNExoV7u+JFIdKzULfdOY7qsVabv5X6yc6aHgpE3GiqSDzj4KEIx2hPA40YpISzWcGMJHM7IrIBEtMtAmtakJwF09ehs5F3XXq7t1lrdko46jACZzCObhwBU24gRa0gcAjPMMrvFlP1ov1bn3MW1escuYI/sj6/AGgLJeZ</latexit>

↵
<latexit sha1_base64="D3dWJmrY3lL2LZ2LgB5cfOecgBE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS+idzCZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3IjRMcMmallvBOqlmmESCtaPx7dxvPzFtuJIPdpKyMMGh5DGnaJ3U6qFIR9gvV/yqvwBZJ0FOKpCj0S9/9QaKZgmTlgo0phv4qQ2nqC2ngs1KvcywFOkYh6zrqMSEmXC6uHZGLpwyILHSrqQlC/X3xBQTYyZJ5DoTtCOz6s3F/7xuZuNaOOUyzSyTdLkozgSxisxfJwOuGbVi4ghSzd2thI5QI7UuoJILIVh9eZ20rqqBXw3uryv1Wh5HEc7gHC4hgBuowx00oAkUHuEZXuHNU96L9+59LFsLXj5zCn/gff4AiH+PDg==</latexit><latexit sha1_base64="D3dWJmrY3lL2LZ2LgB5cfOecgBE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS+idzCZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3IjRMcMmallvBOqlmmESCtaPx7dxvPzFtuJIPdpKyMMGh5DGnaJ3U6qFIR9gvV/yqvwBZJ0FOKpCj0S9/9QaKZgmTlgo0phv4qQ2nqC2ngs1KvcywFOkYh6zrqMSEmXC6uHZGLpwyILHSrqQlC/X3xBQTYyZJ5DoTtCOz6s3F/7xuZuNaOOUyzSyTdLkozgSxisxfJwOuGbVi4ghSzd2thI5QI7UuoJILIVh9eZ20rqqBXw3uryv1Wh5HEc7gHC4hgBuowx00oAkUHuEZXuHNU96L9+59LFsLXj5zCn/gff4AiH+PDg==</latexit><latexit sha1_base64="D3dWJmrY3lL2LZ2LgB5cfOecgBE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS+idzCZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3IjRMcMmallvBOqlmmESCtaPx7dxvPzFtuJIPdpKyMMGh5DGnaJ3U6qFIR9gvV/yqvwBZJ0FOKpCj0S9/9QaKZgmTlgo0phv4qQ2nqC2ngs1KvcywFOkYh6zrqMSEmXC6uHZGLpwyILHSrqQlC/X3xBQTYyZJ5DoTtCOz6s3F/7xuZuNaOOUyzSyTdLkozgSxisxfJwOuGbVi4ghSzd2thI5QI7UuoJILIVh9eZ20rqqBXw3uryv1Wh5HEc7gHC4hgBuowx00oAkUHuEZXuHNU96L9+59LFsLXj5zCn/gff4AiH+PDg==</latexit><latexit sha1_base64="D3dWJmrY3lL2LZ2LgB5cfOecgBE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS+idzCZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3IjRMcMmallvBOqlmmESCtaPx7dxvPzFtuJIPdpKyMMGh5DGnaJ3U6qFIR9gvV/yqvwBZJ0FOKpCj0S9/9QaKZgmTlgo0phv4qQ2nqC2ngs1KvcywFOkYh6zrqMSEmXC6uHZGLpwyILHSrqQlC/X3xBQTYyZJ5DoTtCOz6s3F/7xuZuNaOOUyzSyTdLkozgSxisxfJwOuGbVi4ghSzd2thI5QI7UuoJILIVh9eZ20rqqBXw3uryv1Wh5HEc7gHC4hgBuowx00oAkUHuEZXuHNU96L9+59LFsLXj5zCn/gff4AiH+PDg==</latexit><latexit sha1_base64="D3dWJmrY3lL2LZ2LgB5cfOecgBE=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYI4BLx4jmAckS+idzCZjZmeWmVkhhPyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlApurO9/e4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3IjRMcMmallvBOqlmmESCtaPx7dxvPzFtuJIPdpKyMMGh5DGnaJ3U6qFIR9gvV/yqvwBZJ0FOKpCj0S9/9QaKZgmTlgo0phv4qQ2nqC2ngs1KvcywFOkYh6zrqMSEmXC6uHZGLpwyILHSrqQlC/X3xBQTYyZJ5DoTtCOz6s3F/7xuZuNaOOUyzSyTdLkozgSxisxfJwOuGbVi4ghSzd2thI5QI7UuoJILIVh9eZ20rqqBXw3uryv1Wh5HEc7gHC4hgBuowx00oAkUHuEZXuHNU96L9+59LFsLXj5zCn/gff4AiH+PDg==</latexit> +

<latexit sha1_base64="CIHHxATcdCBGe3Gfx7dJevyjwmg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigj0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9nXVc6te86ZSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHboOMpQ==</latexit><latexit sha1_base64="CIHHxATcdCBGe3Gfx7dJevyjwmg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigj0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9nXVc6te86ZSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHboOMpQ==</latexit><latexit sha1_base64="CIHHxATcdCBGe3Gfx7dJevyjwmg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigj0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9nXVc6te86ZSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHboOMpQ==</latexit><latexit sha1_base64="CIHHxATcdCBGe3Gfx7dJevyjwmg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigj0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9nXVc6te86ZSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHboOMpQ==</latexit><latexit sha1_base64="CIHHxATcdCBGe3Gfx7dJevyjwmg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigj0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1PY2Nza3inulvb2Dw6PyscnbR2nimGLxSJW3YBqFFxiy3AjsJsopFEgsBNM7uZ+5wmV5rF8MNME/YiOJA85o8ZKzatBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSas+RmXSWpQsuWiMBXExGT+NRlyhcyIqSWUKW5vJWxMFWXGZlOyIXirL6+T9nXVc6te86ZSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHboOMpQ==</latexit>

q
<latexit sha1_base64="s6mdfs/8lhfylf11Y6lfI/cntXs=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPrANZTKdtEMnkzhzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53nrg2Ilb3OE24H9GREqFgFK300I8ojoMwe5wNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxbDuZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLKtsSvOWTV0n7sua5Ne/uqtqoF3WU4BTO4AI8uIYG3EITWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QPvlJEL</latexit><latexit sha1_base64="s6mdfs/8lhfylf11Y6lfI/cntXs=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPrANZTKdtEMnkzhzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53nrg2Ilb3OE24H9GREqFgFK300I8ojoMwe5wNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxbDuZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLKtsSvOWTV0n7sua5Ne/uqtqoF3WU4BTO4AI8uIYG3EITWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QPvlJEL</latexit><latexit sha1_base64="s6mdfs/8lhfylf11Y6lfI/cntXs=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPrANZTKdtEMnkzhzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53nrg2Ilb3OE24H9GREqFgFK300I8ojoMwe5wNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxbDuZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLKtsSvOWTV0n7sua5Ne/uqtqoF3WU4BTO4AI8uIYG3EITWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QPvlJEL</latexit><latexit sha1_base64="s6mdfs/8lhfylf11Y6lfI/cntXs=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPrANZTKdtEMnkzhzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53nrg2Ilb3OE24H9GREqFgFK300I8ojoMwe5wNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxbDuZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLKtsSvOWTV0n7sua5Ne/uqtqoF3WU4BTO4AI8uIYG3EITWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QPvlJEL</latexit><latexit sha1_base64="s6mdfs/8lhfylf11Y6lfI/cntXs=">AAAB8XicbVDLSsNAFL3xWeur6tLNYBFclUQEuyy4cVnBPrANZTKdtEMnkzhzI5TQv3DjQhG3/o07/8ZJm4W2Hhg4nHMvc+4JEikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJk414y0Wy1h3A2q4FIq3UKDk3URzGgWSd4LJTe53nrg2Ilb3OE24H9GREqFgFK300I8ojoMwe5wNKlW35s5BVolXkCoUaA4qX/1hzNKIK2SSGtPz3AT9jGoUTPJZuZ8anlA2oSPes1TRiBs/myeekXOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxbDuZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLKtsSvOWTV0n7sua5Ne/uqtqoF3WU4BTO4AI8uIYG3EITWsBAwTO8wptjnBfn3flYjK45xc4J/IHz+QPvlJEL</latexit>

y
<latexit sha1_base64="6wZ8d+lkvSc9BNSVqG/FmegVV2s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIwm82H1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTdjwMy6T1KBky4/CVBATk/x8MuIKmREzSyhT3GYlbEIVZcaWVLEleKsnr5POVd1z6979da3ZKOoowxmcwyV4cANNuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QP7vJET</latexit><latexit sha1_base64="6wZ8d+lkvSc9BNSVqG/FmegVV2s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIwm82H1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTdjwMy6T1KBky4/CVBATk/x8MuIKmREzSyhT3GYlbEIVZcaWVLEleKsnr5POVd1z6979da3ZKOoowxmcwyV4cANNuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QP7vJET</latexit><latexit sha1_base64="6wZ8d+lkvSc9BNSVqG/FmegVV2s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIwm82H1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTdjwMy6T1KBky4/CVBATk/x8MuIKmREzSyhT3GYlbEIVZcaWVLEleKsnr5POVd1z6979da3ZKOoowxmcwyV4cANNuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QP7vJET</latexit><latexit sha1_base64="6wZ8d+lkvSc9BNSVqG/FmegVV2s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIwm82H1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTdjwMy6T1KBky4/CVBATk/x8MuIKmREzSyhT3GYlbEIVZcaWVLEleKsnr5POVd1z6979da3ZKOoowxmcwyV4cANNuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QP7vJET</latexit><latexit sha1_base64="6wZ8d+lkvSc9BNSVqG/FmegVV2s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsK9oFtKJPpTTt0MgkzE6GE/oUbF4q49W/c+TdO2iy09cDA4Zx7mXNPkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0Nve7T6g0j+WDmSXoR3QsecgZNVZ6HETUTIIwm82H1Zpbdxcg68QrSA0KtIbVr8EoZmmE0jBBte57bmL8jCrDmcB5ZZBqTCib0jH2LZU0Qu1ni8RzcmGVEQljZZ80ZKH+3shopPUsCuxknlCvern4n9dPTdjwMy6T1KBky4/CVBATk/x8MuIKmREzSyhT3GYlbEIVZcaWVLEleKsnr5POVd1z6979da3ZKOoowxmcwyV4cANNuIMWtIGBhGd4hTdHOy/Ou/OxHC05xc4p/IHz+QP7vJET</latexit>



PROBLEM FORMUATION
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q Mutual information maximizing antenna selection

C(HK?) = max
K⇢{1,...,Nr}:|K|=K

C
�
HK

�
<latexit sha1_base64="ebQeoIGXfdOiXuj/9kzi0rgQX6M="></latexit><latexit sha1_base64="ebQeoIGXfdOiXuj/9kzi0rgQX6M="></latexit><latexit sha1_base64="ebQeoIGXfdOiXuj/9kzi0rgQX6M="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="gl9GXP+Q9YJW1yPwJjQglS+iwso="></latexit><latexit sha1_base64="gl9GXP+Q9YJW1yPwJjQglS+iwso="></latexit><latexit sha1_base64="FQKvi6etVcDi031/ZClOwOcY9bA="></latexit><latexit sha1_base64="ebQeoIGXfdOiXuj/9kzi0rgQX6M="></latexit><latexit sha1_base64="ebQeoIGXfdOiXuj/9kzi0rgQX6M="></latexit><latexit sha1_base64="ebQeoIGXfdOiXuj/9kzi0rgQX6M="></latexit><latexit sha1_base64="ebQeoIGXfdOiXuj/9kzi0rgQX6M="></latexit><latexit sha1_base64="ebQeoIGXfdOiXuj/9kzi0rgQX6M="></latexit><latexit sha1_base64="ebQeoIGXfdOiXuj/9kzi0rgQX6M="></latexit>

§ Mutual information under coarse quantization

Antenna selection measure needs to consider quantization error

vs.

§ Approaches

feasible

§ Select antennas to maximize mutual information

Optimal 
Approach

Exhaustive search !"#
Not feasible

Suboptimal 
Approach

Greedy search #

C(HK) = log2

���IK + pu↵
2
�
↵2

IK +Rqq

��1
HKH

H

K

���
<latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="cyk9a0h9BItbEFhPkpcsgBB/gWs="></latexit><latexit sha1_base64="cyk9a0h9BItbEFhPkpcsgBB/gWs="></latexit><latexit sha1_base64="RclQ4OvLJusM7YCOlhF+zfHA4yg="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit><latexit sha1_base64="Poegi7+CHbZIDRC/F0K1zy4+dkI="></latexit>

Quantization noise variance
Rqq = ↵(1� ↵) diag(puHKH

H

K + IK)
<latexit sha1_base64="DEzvWMrKM53cb29UMd0cIPwIGmY="></latexit><latexit sha1_base64="DEzvWMrKM53cb29UMd0cIPwIGmY="></latexit><latexit sha1_base64="DEzvWMrKM53cb29UMd0cIPwIGmY="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ERDYyOVzMEIBwQDenVfVjdhG13w="></latexit><latexit sha1_base64="ERDYyOVzMEIBwQDenVfVjdhG13w="></latexit><latexit sha1_base64="z4YDwPJt15zlFRfs/2vyuonZOfs="></latexit><latexit sha1_base64="DEzvWMrKM53cb29UMd0cIPwIGmY="></latexit><latexit sha1_base64="DEzvWMrKM53cb29UMd0cIPwIGmY="></latexit><latexit sha1_base64="DEzvWMrKM53cb29UMd0cIPwIGmY="></latexit><latexit sha1_base64="DEzvWMrKM53cb29UMd0cIPwIGmY="></latexit><latexit sha1_base64="DEzvWMrKM53cb29UMd0cIPwIGmY="></latexit><latexit sha1_base64="DEzvWMrKM53cb29UMd0cIPwIGmY="></latexit>



GENERALIZED GREEDY SELECTION MEASURE
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q Greedy mutual information maximization solution

§ At (n+1)th antenna selection

C(Hn+1) = C(Hn) + log2

✓
1+

pu↵

dK(n+1)
cK(n+1),n

◆

<latexit sha1_base64="lK7e5ZEG9hL+kjp3BX/nBqgVv60="></latexit><latexit sha1_base64="lK7e5ZEG9hL+kjp3BX/nBqgVv60="></latexit><latexit sha1_base64="lK7e5ZEG9hL+kjp3BX/nBqgVv60="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="bOHgxn4V5buVuQ41N3EFMQg4FWw="></latexit><latexit sha1_base64="bOHgxn4V5buVuQ41N3EFMQg4FWw="></latexit><latexit sha1_base64="N4s7np6OPaqW3QYLZdexgKb2L8I="></latexit><latexit sha1_base64="lK7e5ZEG9hL+kjp3BX/nBqgVv60="></latexit><latexit sha1_base64="lK7e5ZEG9hL+kjp3BX/nBqgVv60="></latexit><latexit sha1_base64="lK7e5ZEG9hL+kjp3BX/nBqgVv60="></latexit><latexit sha1_base64="lK7e5ZEG9hL+kjp3BX/nBqgVv60="></latexit><latexit sha1_base64="lK7e5ZEG9hL+kjp3BX/nBqgVv60="></latexit><latexit sha1_base64="lK7e5ZEG9hL+kjp3BX/nBqgVv60="></latexit>

|A+ uvH | = |A|(1 + vHA�1u)
<latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="WdDH73JmZwCFim7tBMcx2ptb6Ss=">AAACJXicbZDLSgMxFIbP1FutVatbN8EiVIplxo26EBQ3XVawttAbmTTThmYuJJlCmc4rufFNxE0XKr6J6XQUbT0Q8vH/OZyc3w44k8o0Z0ZmbX1jcyu7ndvJ7+7tFw7yj9IPBaF14nNfNG0sKWcerSumOG0GgmLX5rRhj+7mfmNMhWS+96AmAe24eOAxhxGstNQrVKdR23bQbYzKKKEwTq5x3K1O0TX6tqclq/xjpFo3OrPitOm0VyiaFTMptApWCkVIq9YrvLT7Pgld6inCsZQtywxUJ8JCMcJpnGuHkgaYjPCAtjR62KWyEyUbx+hEK33k+EIfT6FE/d0RYVfKiWvrly5WQ7nszcX/vFaonMtOxLwgVNQji0FOyJHy0Tw+1GeCEsUnGjARTP8VkSEWmCgdck6HYC2vvAr188pVxbo3IQtHcAwlsOACbqAKNagDgSd4hTd4N56NmfGxSCtjpLEdwp8yPr8AFzOmdg==</latexit><latexit sha1_base64="WdDH73JmZwCFim7tBMcx2ptb6Ss=">AAACJXicbZDLSgMxFIbP1FutVatbN8EiVIplxo26EBQ3XVawttAbmTTThmYuJJlCmc4rufFNxE0XKr6J6XQUbT0Q8vH/OZyc3w44k8o0Z0ZmbX1jcyu7ndvJ7+7tFw7yj9IPBaF14nNfNG0sKWcerSumOG0GgmLX5rRhj+7mfmNMhWS+96AmAe24eOAxhxGstNQrVKdR23bQbYzKKKEwTq5x3K1O0TX6tqclq/xjpFo3OrPitOm0VyiaFTMptApWCkVIq9YrvLT7Pgld6inCsZQtywxUJ8JCMcJpnGuHkgaYjPCAtjR62KWyEyUbx+hEK33k+EIfT6FE/d0RYVfKiWvrly5WQ7nszcX/vFaonMtOxLwgVNQji0FOyJHy0Tw+1GeCEsUnGjARTP8VkSEWmCgdck6HYC2vvAr188pVxbo3IQtHcAwlsOACbqAKNagDgSd4hTd4N56NmfGxSCtjpLEdwp8yPr8AFzOmdg==</latexit><latexit sha1_base64="wPUjMUYojk3OM9YpYlq/HwHe+6s=">AAACMHicbVBLTwIxGOz6RHytevTSSEwwRLLrRT2YoF44YuIKCSykW7rQ0H2k7ZKQZf+SF/+J8cJBjVd/hWVZjYKTNJ3MfJP2GydkVEjDmGhLyyura+u5jfzm1vbOrr63/yCCiGNi4YAFvOEgQRj1iSWpZKQRcoI8h5G6M7id+vUh4YIG/r0chcT2UM+nLsVIKqmjV8dxy3HhdQJLMGVRkl7DpF0dwyv4bY+LZunHyLR2fGomWeikoxeMspECLhIzIwWQodbRn1vdAEce8SVmSIimaYTSjhGXFDOS5FuRICHCA9QjTUV95BFhx+nGCTxWShe6AVfHlzBVfydi5Akx8hw16SHZF/PeVPzPa0bSvbBj6oeRJD6ePeRGDMoATuuDXcoJlmykCMKcqr9C3EccYalKzqsSzPmVF4l1Vr4sm3dGoXKTtZEDh+AIFIEJzkEFVEENWACDR/ACXsGb9qRNtHftYza6pGWZA/AH2ucXR2moDQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit>

Matrix determinant lemma

Dn+1 = diag(1 + pu(1� ↵)kfK(i)k2)
<latexit sha1_base64="gzohPu4WM6dDxgjOJLgKaK6Z7CI="></latexit><latexit sha1_base64="gzohPu4WM6dDxgjOJLgKaK6Z7CI="></latexit><latexit sha1_base64="gzohPu4WM6dDxgjOJLgKaK6Z7CI="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="A7644OMbKNNGJYigTJujcuL6hRI="></latexit><latexit sha1_base64="A7644OMbKNNGJYigTJujcuL6hRI="></latexit><latexit sha1_base64="ryFKDiT5x+KfpF/Q1QdBMHIRTA8="></latexit><latexit sha1_base64="gzohPu4WM6dDxgjOJLgKaK6Z7CI="></latexit><latexit sha1_base64="gzohPu4WM6dDxgjOJLgKaK6Z7CI="></latexit><latexit sha1_base64="gzohPu4WM6dDxgjOJLgKaK6Z7CI="></latexit><latexit sha1_base64="gzohPu4WM6dDxgjOJLgKaK6Z7CI="></latexit><latexit sha1_base64="gzohPu4WM6dDxgjOJLgKaK6Z7CI="></latexit><latexit sha1_base64="gzohPu4WM6dDxgjOJLgKaK6Z7CI="></latexit>

Function of previous antennas Functions of (n+1)th antenna

Mutual information gain 
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<latexit sha1_base64="xy43M6v2NJqklX1ype5vLIqJ1Bs="></latexit><latexit sha1_base64="xy43M6v2NJqklX1ype5vLIqJ1Bs="></latexit><latexit sha1_base64="xy43M6v2NJqklX1ype5vLIqJ1Bs="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="EJoZlCzauh44cb9KomSRb9UqS44="></latexit><latexit sha1_base64="EJoZlCzauh44cb9KomSRb9UqS44="></latexit><latexit sha1_base64="ed808ShhKgVhwBTI+SbszNdo67Y="></latexit><latexit sha1_base64="xy43M6v2NJqklX1ype5vLIqJ1Bs="></latexit><latexit sha1_base64="xy43M6v2NJqklX1ype5vLIqJ1Bs="></latexit><latexit sha1_base64="xy43M6v2NJqklX1ype5vLIqJ1Bs="></latexit><latexit sha1_base64="xy43M6v2NJqklX1ype5vLIqJ1Bs="></latexit><latexit sha1_base64="xy43M6v2NJqklX1ype5vLIqJ1Bs="></latexit><latexit sha1_base64="xy43M6v2NJqklX1ype5vLIqJ1Bs="></latexit>

Quantization error penalty

dK(n+1)

= 1 + pu(1� ↵)kfK(n+1)k2
<latexit sha1_base64="inBRtGmAlZdxfxE62E+HyWgoPtA="></latexit><latexit sha1_base64="inBRtGmAlZdxfxE62E+HyWgoPtA="></latexit><latexit sha1_base64="inBRtGmAlZdxfxE62E+HyWgoPtA="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="1NuAzDDIMG9a+0aAngB7P3AfMxY=">AAACJnicbVBNS8NAEJ34bf2qXr0silIRS9KLehAEL4oXBauFpobJdmOXbjZhdyOUNL/Ji79E8KAHFX+J29qDVh8MPN6bYWZemAqujeu+OBOTU9Mzs3PzpYXFpeWV8uritU4yRVmdJiJRjRA1E1yyuuFGsEaqGMahYDdh92Tg39wzpXkir0wvZa0Y7ySPOEVjpaB8tt0Ocj9G06Eo8vOiIne9ncL3yfaRt5sGWcXb81GkHdzx+7kfRiQq/uvv39aC8qZbdYcgf4k3IpswwkVQfvLbCc1iJg0VqHXTc1PTylEZTgUrSn6mWYq0i3esaanEmOlWPny5IFtWaZMoUbakIUP150SOsda9OLSdg2P1uDcQ//OamYkOWjmXaWaYpN+LokwQk5BBfqTNFaNG9CxBqri9ldAOKqTGplyyIXjjL/8l9Vr1sOpdujAH67ABFfBgH47hFC6gDhQe4Bne4N15dF6dj++0JpxRbGvwC87nF/Hqpus=</latexit><latexit sha1_base64="1NuAzDDIMG9a+0aAngB7P3AfMxY=">AAACJnicbVBNS8NAEJ34bf2qXr0silIRS9KLehAEL4oXBauFpobJdmOXbjZhdyOUNL/Ji79E8KAHFX+J29qDVh8MPN6bYWZemAqujeu+OBOTU9Mzs3PzpYXFpeWV8uritU4yRVmdJiJRjRA1E1yyuuFGsEaqGMahYDdh92Tg39wzpXkir0wvZa0Y7ySPOEVjpaB8tt0Ocj9G06Eo8vOiIne9ncL3yfaRt5sGWcXb81GkHdzx+7kfRiQq/uvv39aC8qZbdYcgf4k3IpswwkVQfvLbCc1iJg0VqHXTc1PTylEZTgUrSn6mWYq0i3esaanEmOlWPny5IFtWaZMoUbakIUP150SOsda9OLSdg2P1uDcQ//OamYkOWjmXaWaYpN+LokwQk5BBfqTNFaNG9CxBqri9ldAOKqTGplyyIXjjL/8l9Vr1sOpdujAH67ABFfBgH47hFC6gDhQe4Bne4N15dF6dj++0JpxRbGvwC87nF/Hqpus=</latexit><latexit sha1_base64="b6t7g5jZOOIErdUTdNef4goOjF4="></latexit><latexit sha1_base64="inBRtGmAlZdxfxE62E+HyWgoPtA="></latexit><latexit sha1_base64="inBRtGmAlZdxfxE62E+HyWgoPtA="></latexit><latexit sha1_base64="inBRtGmAlZdxfxE62E+HyWgoPtA="></latexit><latexit sha1_base64="inBRtGmAlZdxfxE62E+HyWgoPtA="></latexit><latexit sha1_base64="inBRtGmAlZdxfxE62E+HyWgoPtA="></latexit><latexit sha1_base64="inBRtGmAlZdxfxE62E+HyWgoPtA="></latexit>

vs.

Mutual information  increase
from selecting (n+1)th antenna

Quantization error penalty 
for selecting (n+1)th antenna

Selection

J = argmax
j

cj,n
dj

<latexit sha1_base64="klkH3kUYXbsj6kfcl1YSascmUwM=">AAACDnicbVDLSgMxFM3UV62vqks3waK4kDIjgroQim7EVQVrC50yZDKZNm2SGZKMWIb5Azf+ihsXKm5du/NvTNtZaOuBCyfn3EvuPX7MqNK2/W0V5uYXFpeKy6WV1bX1jfLm1p2KEolJA0cski0fKcKoIA1NNSOtWBLEfUaa/uBy5DfviVQ0Erd6GJMOR11BQ4qRNpJX3r+G5y6SXZejBy/twwxCN5QIp9i8DkWWpYHXz0peuWJX7THgLHFyUgE56l75yw0inHAiNGZIqbZjx7qTIqkpZiQruYkiMcID1CVtQwXiRHXS8T0Z3DNKAMNImhIajtXfEyniSg25bzo50j017Y3E/7x2osPTTkpFnGgi8OSjMGFQR3AUDgyoJFizoSEIS2p2hbiHTBzaRDgKwZk+eZY0jqpnVefmuFK7yNMogh2wCw6AA05ADVyBOmgADB7BM3gFb9aT9WK9Wx+T1oKVz2yDP7A+fwBix5vY</latexit><latexit sha1_base64="klkH3kUYXbsj6kfcl1YSascmUwM=">AAACDnicbVDLSgMxFM3UV62vqks3waK4kDIjgroQim7EVQVrC50yZDKZNm2SGZKMWIb5Azf+ihsXKm5du/NvTNtZaOuBCyfn3EvuPX7MqNK2/W0V5uYXFpeKy6WV1bX1jfLm1p2KEolJA0cski0fKcKoIA1NNSOtWBLEfUaa/uBy5DfviVQ0Erd6GJMOR11BQ4qRNpJX3r+G5y6SXZejBy/twwxCN5QIp9i8DkWWpYHXz0peuWJX7THgLHFyUgE56l75yw0inHAiNGZIqbZjx7qTIqkpZiQruYkiMcID1CVtQwXiRHXS8T0Z3DNKAMNImhIajtXfEyniSg25bzo50j017Y3E/7x2osPTTkpFnGgi8OSjMGFQR3AUDgyoJFizoSEIS2p2hbiHTBzaRDgKwZk+eZY0jqpnVefmuFK7yNMogh2wCw6AA05ADVyBOmgADB7BM3gFb9aT9WK9Wx+T1oKVz2yDP7A+fwBix5vY</latexit><latexit sha1_base64="klkH3kUYXbsj6kfcl1YSascmUwM=">AAACDnicbVDLSgMxFM3UV62vqks3waK4kDIjgroQim7EVQVrC50yZDKZNm2SGZKMWIb5Azf+ihsXKm5du/NvTNtZaOuBCyfn3EvuPX7MqNK2/W0V5uYXFpeKy6WV1bX1jfLm1p2KEolJA0cski0fKcKoIA1NNSOtWBLEfUaa/uBy5DfviVQ0Erd6GJMOR11BQ4qRNpJX3r+G5y6SXZejBy/twwxCN5QIp9i8DkWWpYHXz0peuWJX7THgLHFyUgE56l75yw0inHAiNGZIqbZjx7qTIqkpZiQruYkiMcID1CVtQwXiRHXS8T0Z3DNKAMNImhIajtXfEyniSg25bzo50j017Y3E/7x2osPTTkpFnGgi8OSjMGFQR3AUDgyoJFizoSEIS2p2hbiHTBzaRDgKwZk+eZY0jqpnVefmuFK7yNMogh2wCw6AA05ADVyBOmgADB7BM3gFb9aT9WK9Wx+T1oKVz2yDP7A+fwBix5vY</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="S0dzbTl1ldFL3s0TQT9ab9Z/DJk=">AAACA3icbZBNS8MwHMb/nW9zTp1evQSH4kFG60U9CIIX8TTBusFaSpqlW7Y0LUkqjtJv4MWv4sWDit/Bm9/G7OWgmw8EnjxPQvL/hSlnStv2t1VaWl5ZXSuvVzaqm1vbtZ3qvUoySahLEp7IdogV5UxQVzPNaTuVFMchp61weDXuWw9UKpaIOz1KqR/jnmARI1ibKKgd3qALD8ueF+PHIB+gAiEvkpjkxOyORVHk3WBQVIJa3W7YE6FF48xMHWZqBrUvr5uQLKZCE46V6jh2qv0cS80Ip0XFyxRNMRniHu0YK3BMlZ9P5inQgUm6KEqkWUKjSfr7Ro5jpUZxaE7GWPfVfDcO/+s6mY7O/JyJNNNUkOlDUcaRTtAYDuoySYnmI2Mwkcz8FZE+Nji0QTiG4MyPvGjck8Z5w7m1oQx7sA9H4MApXMI1NMEFAk/wAm/wbj1br9bHlFbJmmHbhT+yPn8AsaiaXw==</latexit><latexit sha1_base64="S0dzbTl1ldFL3s0TQT9ab9Z/DJk=">AAACA3icbZBNS8MwHMb/nW9zTp1evQSH4kFG60U9CIIX8TTBusFaSpqlW7Y0LUkqjtJv4MWv4sWDit/Bm9/G7OWgmw8EnjxPQvL/hSlnStv2t1VaWl5ZXSuvVzaqm1vbtZ3qvUoySahLEp7IdogV5UxQVzPNaTuVFMchp61weDXuWw9UKpaIOz1KqR/jnmARI1ibKKgd3qALD8ueF+PHIB+gAiEvkpjkxOyORVHk3WBQVIJa3W7YE6FF48xMHWZqBrUvr5uQLKZCE46V6jh2qv0cS80Ip0XFyxRNMRniHu0YK3BMlZ9P5inQgUm6KEqkWUKjSfr7Ro5jpUZxaE7GWPfVfDcO/+s6mY7O/JyJNNNUkOlDUcaRTtAYDuoySYnmI2Mwkcz8FZE+Nji0QTiG4MyPvGjck8Z5w7m1oQx7sA9H4MApXMI1NMEFAk/wAm/wbj1br9bHlFbJmmHbhT+yPn8AsaiaXw==</latexit><latexit sha1_base64="e5wgeIwWXqohAD31iXCheCzahIw=">AAACDnicbVC7TsMwFHV4lvIKMLJYVCAGVCUswIBUwYKYikRopSaKHMdp3TpOZDuIKsofsPArLAyAWJnZ+BuctgO0HOlKx+fcK997gpRRqSzr25ibX1hcWq6sVFfX1jc2za3tO5lkAhMHJywR7QBJwignjqKKkXYqCIoDRlrB4LL0W/dESJrwWzVMiRejLqcRxUhpyTcPruG5i0TXjdGDn/dhAaEbCYRzrF9HvCjy0O8XVd+sWXVrBDhL7AmpgQmavvnlhgnOYsIVZkjKjm2lysuRUBQzUlTdTJIU4QHqko6mHMVEevnongLuayWEUSJ0cQVH6u+JHMVSDuNAd8ZI9eS0V4r/eZ1MRadeTnmaKcLx+KMoY1AlsAwHhlQQrNhQE4QF1btC3EM6DqUjLEOwp0+eJc5x/axu31i1xsUkjQrYBXvgENjgBDTAFWgCB2DwCJ7BK3gznowX4934GLfOGZOZHfAHxucPYYeb1A==</latexit><latexit sha1_base64="klkH3kUYXbsj6kfcl1YSascmUwM=">AAACDnicbVDLSgMxFM3UV62vqks3waK4kDIjgroQim7EVQVrC50yZDKZNm2SGZKMWIb5Azf+ihsXKm5du/NvTNtZaOuBCyfn3EvuPX7MqNK2/W0V5uYXFpeKy6WV1bX1jfLm1p2KEolJA0cski0fKcKoIA1NNSOtWBLEfUaa/uBy5DfviVQ0Erd6GJMOR11BQ4qRNpJX3r+G5y6SXZejBy/twwxCN5QIp9i8DkWWpYHXz0peuWJX7THgLHFyUgE56l75yw0inHAiNGZIqbZjx7qTIqkpZiQruYkiMcID1CVtQwXiRHXS8T0Z3DNKAMNImhIajtXfEyniSg25bzo50j017Y3E/7x2osPTTkpFnGgi8OSjMGFQR3AUDgyoJFizoSEIS2p2hbiHTBzaRDgKwZk+eZY0jqpnVefmuFK7yNMogh2wCw6AA05ADVyBOmgADB7BM3gFb9aT9WK9Wx+T1oKVz2yDP7A+fwBix5vY</latexit><latexit sha1_base64="klkH3kUYXbsj6kfcl1YSascmUwM=">AAACDnicbVDLSgMxFM3UV62vqks3waK4kDIjgroQim7EVQVrC50yZDKZNm2SGZKMWIb5Azf+ihsXKm5du/NvTNtZaOuBCyfn3EvuPX7MqNK2/W0V5uYXFpeKy6WV1bX1jfLm1p2KEolJA0cski0fKcKoIA1NNSOtWBLEfUaa/uBy5DfviVQ0Erd6GJMOR11BQ4qRNpJX3r+G5y6SXZejBy/twwxCN5QIp9i8DkWWpYHXz0peuWJX7THgLHFyUgE56l75yw0inHAiNGZIqbZjx7qTIqkpZiQruYkiMcID1CVtQwXiRHXS8T0Z3DNKAMNImhIajtXfEyniSg25bzo50j017Y3E/7x2osPTTkpFnGgi8OSjMGFQR3AUDgyoJFizoSEIS2p2hbiHTBzaRDgKwZk+eZY0jqpnVefmuFK7yNMogh2wCw6AA05ADVyBOmgADB7BM3gFb9aT9WK9Wx+T1oKVz2yDP7A+fwBix5vY</latexit><latexit sha1_base64="klkH3kUYXbsj6kfcl1YSascmUwM=">AAACDnicbVDLSgMxFM3UV62vqks3waK4kDIjgroQim7EVQVrC50yZDKZNm2SGZKMWIb5Azf+ihsXKm5du/NvTNtZaOuBCyfn3EvuPX7MqNK2/W0V5uYXFpeKy6WV1bX1jfLm1p2KEolJA0cski0fKcKoIA1NNSOtWBLEfUaa/uBy5DfviVQ0Erd6GJMOR11BQ4qRNpJX3r+G5y6SXZejBy/twwxCN5QIp9i8DkWWpYHXz0peuWJX7THgLHFyUgE56l75yw0inHAiNGZIqbZjx7qTIqkpZiQruYkiMcID1CVtQwXiRHXS8T0Z3DNKAMNImhIajtXfEyniSg25bzo50j017Y3E/7x2osPTTkpFnGgi8OSjMGFQR3AUDgyoJFizoSEIS2p2hbiHTBzaRDgKwZk+eZY0jqpnVefmuFK7yNMogh2wCw6AA05ADVyBOmgADB7BM3gFb9aT9WK9Wx+T1oKVz2yDP7A+fwBix5vY</latexit><latexit sha1_base64="klkH3kUYXbsj6kfcl1YSascmUwM=">AAACDnicbVDLSgMxFM3UV62vqks3waK4kDIjgroQim7EVQVrC50yZDKZNm2SGZKMWIb5Azf+ihsXKm5du/NvTNtZaOuBCyfn3EvuPX7MqNK2/W0V5uYXFpeKy6WV1bX1jfLm1p2KEolJA0cski0fKcKoIA1NNSOtWBLEfUaa/uBy5DfviVQ0Erd6GJMOR11BQ4qRNpJX3r+G5y6SXZejBy/twwxCN5QIp9i8DkWWpYHXz0peuWJX7THgLHFyUgE56l75yw0inHAiNGZIqbZjx7qTIqkpZiQruYkiMcID1CVtQwXiRHXS8T0Z3DNKAMNImhIajtXfEyniSg25bzo50j017Y3E/7x2osPTTkpFnGgi8OSjMGFQR3AUDgyoJFizoSEIS2p2hbiHTBzaRDgKwZk+eZY0jqpnVefmuFK7yNMogh2wCw6AA05ADVyBOmgADB7BM3gFb9aT9WK9Wx+T1oKVz2yDP7A+fwBix5vY</latexit><latexit sha1_base64="klkH3kUYXbsj6kfcl1YSascmUwM=">AAACDnicbVDLSgMxFM3UV62vqks3waK4kDIjgroQim7EVQVrC50yZDKZNm2SGZKMWIb5Azf+ihsXKm5du/NvTNtZaOuBCyfn3EvuPX7MqNK2/W0V5uYXFpeKy6WV1bX1jfLm1p2KEolJA0cski0fKcKoIA1NNSOtWBLEfUaa/uBy5DfviVQ0Erd6GJMOR11BQ4qRNpJX3r+G5y6SXZejBy/twwxCN5QIp9i8DkWWpYHXz0peuWJX7THgLHFyUgE56l75yw0inHAiNGZIqbZjx7qTIqkpZiQruYkiMcID1CVtQwXiRHXS8T0Z3DNKAMNImhIajtXfEyniSg25bzo50j017Y3E/7x2osPTTkpFnGgi8OSjMGFQR3AUDgyoJFizoSEIS2p2hbiHTBzaRDgKwZk+eZY0jqpnVefmuFK7yNMogh2wCw6AA05ADVyBOmgADB7BM3gFb9aT9WK9Wx+T1oKVz2yDP7A+fwBix5vY</latexit><latexit sha1_base64="klkH3kUYXbsj6kfcl1YSascmUwM=">AAACDnicbVDLSgMxFM3UV62vqks3waK4kDIjgroQim7EVQVrC50yZDKZNm2SGZKMWIb5Azf+ihsXKm5du/NvTNtZaOuBCyfn3EvuPX7MqNK2/W0V5uYXFpeKy6WV1bX1jfLm1p2KEolJA0cski0fKcKoIA1NNSOtWBLEfUaa/uBy5DfviVQ0Erd6GJMOR11BQ4qRNpJX3r+G5y6SXZejBy/twwxCN5QIp9i8DkWWpYHXz0peuWJX7THgLHFyUgE56l75yw0inHAiNGZIqbZjx7qTIqkpZiQruYkiMcID1CVtQwXiRHXS8T0Z3DNKAMNImhIajtXfEyniSg25bzo50j017Y3E/7x2osPTTkpFnGgi8OSjMGFQR3AUDgyoJFizoSEIS2p2hbiHTBzaRDgKwZk+eZY0jqpnVefmuFK7yNMogh2wCw6AA05ADVyBOmgADB7BM3gFb9aT9WK9Wx+T1oKVz2yDP7A+fwBix5vY</latexit>

Gain vs. Penalty

f
H

i
: ith row of H

<latexit sha1_base64="UiZ0TS2GxGimfNHTeVcgsyEsNUY=">AAACFHicbVC7TsNAEDzzDOFloKQ5ESNRoMhGSDyqCJqUQSIkUhKi8+WcnHL2WXdrILL8EzT8Cg0FIFoKOv6Gy6OAhJFWGs3sanfHjwXX4Lrf1tz8wuLScm4lv7q2vrFpb23faJkoyqpUCqnqPtFM8IhVgYNg9VgxEvqC1fz+5dCv3TGluYyuYRCzVki6EQ84JWCktn3YBPYAqZM2/QAH2W25zZ1z7HAHeljJeywDPPbKmZO17YJbdEfAs8SbkAKaoNK2v5odSZOQRUAF0brhuTG0UqKAU8GyfDPRLCa0T7qsYWhEQqZb6eirDO8bpYMDqUxFgEfq74mUhFoPQt90hgR6etobiv95jQSC01bKozgBFtHxoiARGCQeRoQ7XDEKYmAIoYqbWzHtEUUomCDzJgRv+uVZUj0qnhW9q+NC6WKSRg7toj10gDx0gkqojCqoiih6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MH0u2c6A==</latexit><latexit sha1_base64="UiZ0TS2GxGimfNHTeVcgsyEsNUY=">AAACFHicbVC7TsNAEDzzDOFloKQ5ESNRoMhGSDyqCJqUQSIkUhKi8+WcnHL2WXdrILL8EzT8Cg0FIFoKOv6Gy6OAhJFWGs3sanfHjwXX4Lrf1tz8wuLScm4lv7q2vrFpb23faJkoyqpUCqnqPtFM8IhVgYNg9VgxEvqC1fz+5dCv3TGluYyuYRCzVki6EQ84JWCktn3YBPYAqZM2/QAH2W25zZ1z7HAHeljJeywDPPbKmZO17YJbdEfAs8SbkAKaoNK2v5odSZOQRUAF0brhuTG0UqKAU8GyfDPRLCa0T7qsYWhEQqZb6eirDO8bpYMDqUxFgEfq74mUhFoPQt90hgR6etobiv95jQSC01bKozgBFtHxoiARGCQeRoQ7XDEKYmAIoYqbWzHtEUUomCDzJgRv+uVZUj0qnhW9q+NC6WKSRg7toj10gDx0gkqojCqoiih6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MH0u2c6A==</latexit><latexit sha1_base64="UiZ0TS2GxGimfNHTeVcgsyEsNUY=">AAACFHicbVC7TsNAEDzzDOFloKQ5ESNRoMhGSDyqCJqUQSIkUhKi8+WcnHL2WXdrILL8EzT8Cg0FIFoKOv6Gy6OAhJFWGs3sanfHjwXX4Lrf1tz8wuLScm4lv7q2vrFpb23faJkoyqpUCqnqPtFM8IhVgYNg9VgxEvqC1fz+5dCv3TGluYyuYRCzVki6EQ84JWCktn3YBPYAqZM2/QAH2W25zZ1z7HAHeljJeywDPPbKmZO17YJbdEfAs8SbkAKaoNK2v5odSZOQRUAF0brhuTG0UqKAU8GyfDPRLCa0T7qsYWhEQqZb6eirDO8bpYMDqUxFgEfq74mUhFoPQt90hgR6etobiv95jQSC01bKozgBFtHxoiARGCQeRoQ7XDEKYmAIoYqbWzHtEUUomCDzJgRv+uVZUj0qnhW9q+NC6WKSRg7toj10gDx0gkqojCqoiih6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MH0u2c6A==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="niaWJ9UD/sbdsAePDcfTPcSaRmE=">AAACCXicbZC9TsMwFIVv+C2lQGFlsWiQGFCVsPAzIbF0LBKlldpSOa5DLZw4sm+AKspLsPAqLAyAeAE23gb3Z4CWI1k6OsfW9f2CRAqDnvftLCwuLa+sFtaK66WNza3ydunaqFQz3mBKKt0KqOFSxLyBAiVvJZrTKJC8GdxdjPrmPddGqPgKhwnvRvQ2FqFgFG3UKx92kD9i5madICRhflPrCfeMuMLFAdHqgaiQTLpa7ua9csWremOReeNPTQWmqvfKX52+YmnEY2SSGtP2vQS7GdUomOR5sZManlB2R29529qYRtx0s/FWOdm3SZ+EStsTIxmnv19kNDJmGAX2ZkRxYGa7Ufhf104xPOlmIk5S5DGbDApTSVCRESLSF5ozlENrKNPC/pWwAdWUoQVZtBD82ZXnTeOoelr1Lz0owC7swQH4cAznUIM6NIDBE7zAG7w7z86r8zGhteBMse3AHzmfPxdBm2k=</latexit><latexit sha1_base64="niaWJ9UD/sbdsAePDcfTPcSaRmE=">AAACCXicbZC9TsMwFIVv+C2lQGFlsWiQGFCVsPAzIbF0LBKlldpSOa5DLZw4sm+AKspLsPAqLAyAeAE23gb3Z4CWI1k6OsfW9f2CRAqDnvftLCwuLa+sFtaK66WNza3ydunaqFQz3mBKKt0KqOFSxLyBAiVvJZrTKJC8GdxdjPrmPddGqPgKhwnvRvQ2FqFgFG3UKx92kD9i5madICRhflPrCfeMuMLFAdHqgaiQTLpa7ua9csWremOReeNPTQWmqvfKX52+YmnEY2SSGtP2vQS7GdUomOR5sZManlB2R29529qYRtx0s/FWOdm3SZ+EStsTIxmnv19kNDJmGAX2ZkRxYGa7Ufhf104xPOlmIk5S5DGbDApTSVCRESLSF5ozlENrKNPC/pWwAdWUoQVZtBD82ZXnTeOoelr1Lz0owC7swQH4cAznUIM6NIDBE7zAG7w7z86r8zGhteBMse3AHzmfPxdBm2k=</latexit><latexit sha1_base64="rnMIOtT++R64NPqdYRAsiykYSZo=">AAACFHicbVC7TsNAEDyHVwivACXNiRiJAkU2DY8qgiZlkDCJlITofDknp5x91t0aiCz/BA2/QkMBiJaCjr/h8iggYaSVRjO72t3xY8E1OM63lVtYXFpeya8W1tY3NreK2zs3WiaKMo9KIVXDJ5oJHjEPOAjWiBUjoS9Y3R9cjvz6HVOay+gahjFrh6QX8YBTAkbqFI9awB4gtdOWH+Agu612uH2ObW5DHyt5j2WAJ141s7NOseSUnTHwPHGnpISmqHWKX62upEnIIqCCaN10nRjaKVHAqWBZoZVoFhM6ID3WNDQiIdPtdPxVhg+M0sWBVKYiwGP190RKQq2HoW86QwJ9PeuNxP+8ZgLBaTvlUZwAi+hkUZAIDBKPIsJdrhgFMTSEUMXNrZj2iSIUTJAFE4I7+/I88Y7LZ2X3yilVLqZp5NEe2keHyEUnqIKqqIY8RNEjekav6M16sl6sd+tj0pqzpjO76A+szx/RrZzk</latexit><latexit sha1_base64="UiZ0TS2GxGimfNHTeVcgsyEsNUY=">AAACFHicbVC7TsNAEDzzDOFloKQ5ESNRoMhGSDyqCJqUQSIkUhKi8+WcnHL2WXdrILL8EzT8Cg0FIFoKOv6Gy6OAhJFWGs3sanfHjwXX4Lrf1tz8wuLScm4lv7q2vrFpb23faJkoyqpUCqnqPtFM8IhVgYNg9VgxEvqC1fz+5dCv3TGluYyuYRCzVki6EQ84JWCktn3YBPYAqZM2/QAH2W25zZ1z7HAHeljJeywDPPbKmZO17YJbdEfAs8SbkAKaoNK2v5odSZOQRUAF0brhuTG0UqKAU8GyfDPRLCa0T7qsYWhEQqZb6eirDO8bpYMDqUxFgEfq74mUhFoPQt90hgR6etobiv95jQSC01bKozgBFtHxoiARGCQeRoQ7XDEKYmAIoYqbWzHtEUUomCDzJgRv+uVZUj0qnhW9q+NC6WKSRg7toj10gDx0gkqojCqoiih6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MH0u2c6A==</latexit><latexit sha1_base64="UiZ0TS2GxGimfNHTeVcgsyEsNUY=">AAACFHicbVC7TsNAEDzzDOFloKQ5ESNRoMhGSDyqCJqUQSIkUhKi8+WcnHL2WXdrILL8EzT8Cg0FIFoKOv6Gy6OAhJFWGs3sanfHjwXX4Lrf1tz8wuLScm4lv7q2vrFpb23faJkoyqpUCqnqPtFM8IhVgYNg9VgxEvqC1fz+5dCv3TGluYyuYRCzVki6EQ84JWCktn3YBPYAqZM2/QAH2W25zZ1z7HAHeljJeywDPPbKmZO17YJbdEfAs8SbkAKaoNK2v5odSZOQRUAF0brhuTG0UqKAU8GyfDPRLCa0T7qsYWhEQqZb6eirDO8bpYMDqUxFgEfq74mUhFoPQt90hgR6etobiv95jQSC01bKozgBFtHxoiARGCQeRoQ7XDEKYmAIoYqbWzHtEUUomCDzJgRv+uVZUj0qnhW9q+NC6WKSRg7toj10gDx0gkqojCqoiih6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MH0u2c6A==</latexit><latexit sha1_base64="UiZ0TS2GxGimfNHTeVcgsyEsNUY=">AAACFHicbVC7TsNAEDzzDOFloKQ5ESNRoMhGSDyqCJqUQSIkUhKi8+WcnHL2WXdrILL8EzT8Cg0FIFoKOv6Gy6OAhJFWGs3sanfHjwXX4Lrf1tz8wuLScm4lv7q2vrFpb23faJkoyqpUCqnqPtFM8IhVgYNg9VgxEvqC1fz+5dCv3TGluYyuYRCzVki6EQ84JWCktn3YBPYAqZM2/QAH2W25zZ1z7HAHeljJeywDPPbKmZO17YJbdEfAs8SbkAKaoNK2v5odSZOQRUAF0brhuTG0UqKAU8GyfDPRLCa0T7qsYWhEQqZb6eirDO8bpYMDqUxFgEfq74mUhFoPQt90hgR6etobiv95jQSC01bKozgBFtHxoiARGCQeRoQ7XDEKYmAIoYqbWzHtEUUomCDzJgRv+uVZUj0qnhW9q+NC6WKSRg7toj10gDx0gkqojCqoiih6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MH0u2c6A==</latexit><latexit sha1_base64="UiZ0TS2GxGimfNHTeVcgsyEsNUY=">AAACFHicbVC7TsNAEDzzDOFloKQ5ESNRoMhGSDyqCJqUQSIkUhKi8+WcnHL2WXdrILL8EzT8Cg0FIFoKOv6Gy6OAhJFWGs3sanfHjwXX4Lrf1tz8wuLScm4lv7q2vrFpb23faJkoyqpUCqnqPtFM8IhVgYNg9VgxEvqC1fz+5dCv3TGluYyuYRCzVki6EQ84JWCktn3YBPYAqZM2/QAH2W25zZ1z7HAHeljJeywDPPbKmZO17YJbdEfAs8SbkAKaoNK2v5odSZOQRUAF0brhuTG0UqKAU8GyfDPRLCa0T7qsYWhEQqZb6eirDO8bpYMDqUxFgEfq74mUhFoPQt90hgR6etobiv95jQSC01bKozgBFtHxoiARGCQeRoQ7XDEKYmAIoYqbWzHtEUUomCDzJgRv+uVZUj0qnhW9q+NC6WKSRg7toj10gDx0gkqojCqoiih6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MH0u2c6A==</latexit><latexit sha1_base64="UiZ0TS2GxGimfNHTeVcgsyEsNUY=">AAACFHicbVC7TsNAEDzzDOFloKQ5ESNRoMhGSDyqCJqUQSIkUhKi8+WcnHL2WXdrILL8EzT8Cg0FIFoKOv6Gy6OAhJFWGs3sanfHjwXX4Lrf1tz8wuLScm4lv7q2vrFpb23faJkoyqpUCqnqPtFM8IhVgYNg9VgxEvqC1fz+5dCv3TGluYyuYRCzVki6EQ84JWCktn3YBPYAqZM2/QAH2W25zZ1z7HAHeljJeywDPPbKmZO17YJbdEfAs8SbkAKaoNK2v5odSZOQRUAF0brhuTG0UqKAU8GyfDPRLCa0T7qsYWhEQqZb6eirDO8bpYMDqUxFgEfq74mUhFoPQt90hgR6etobiv95jQSC01bKozgBFtHxoiARGCQeRoQ7XDEKYmAIoYqbWzHtEUUomCDzJgRv+uVZUj0qnhW9q+NC6WKSRg7toj10gDx0gkqojCqoiih6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MH0u2c6A==</latexit><latexit sha1_base64="UiZ0TS2GxGimfNHTeVcgsyEsNUY=">AAACFHicbVC7TsNAEDzzDOFloKQ5ESNRoMhGSDyqCJqUQSIkUhKi8+WcnHL2WXdrILL8EzT8Cg0FIFoKOv6Gy6OAhJFWGs3sanfHjwXX4Lrf1tz8wuLScm4lv7q2vrFpb23faJkoyqpUCqnqPtFM8IhVgYNg9VgxEvqC1fz+5dCv3TGluYyuYRCzVki6EQ84JWCktn3YBPYAqZM2/QAH2W25zZ1z7HAHeljJeywDPPbKmZO17YJbdEfAs8SbkAKaoNK2v5odSZOQRUAF0brhuTG0UqKAU8GyfDPRLCa0T7qsYWhEQqZb6eirDO8bpYMDqUxFgEfq74mUhFoPQt90hgR6etobiv95jQSC01bKozgBFtHxoiARGCQeRoQ7XDEKYmAIoYqbWzHtEUUomCDzJgRv+uVZUj0qnhW9q+NC6WKSRg7toj10gDx0gkqojCqoiih6RM/oFb1ZT9aL9W59jFvnrMnMDvoD6/MH0u2c6A==</latexit>

Generalized FAS
[Gharavi-Alkhansari04]

C(Hn+1) = log2

���IK + pu↵D
�1
n+1Hn+1H

H

n+1

���
<latexit sha1_base64="TrW32Ls5O0SJ6HZfnCZP9/JYqX0="></latexit><latexit sha1_base64="TrW32Ls5O0SJ6HZfnCZP9/JYqX0="></latexit><latexit sha1_base64="TrW32Ls5O0SJ6HZfnCZP9/JYqX0="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="r6FLz99wXkob7tbtKPxZNNhssnQ="></latexit><latexit sha1_base64="r6FLz99wXkob7tbtKPxZNNhssnQ="></latexit><latexit sha1_base64="JKD/EDZBIn3sjhkTVYd/MDxANKQ="></latexit><latexit sha1_base64="TrW32Ls5O0SJ6HZfnCZP9/JYqX0="></latexit><latexit sha1_base64="TrW32Ls5O0SJ6HZfnCZP9/JYqX0="></latexit><latexit sha1_base64="TrW32Ls5O0SJ6HZfnCZP9/JYqX0="></latexit><latexit sha1_base64="TrW32Ls5O0SJ6HZfnCZP9/JYqX0="></latexit><latexit sha1_base64="TrW32Ls5O0SJ6HZfnCZP9/JYqX0="></latexit><latexit sha1_base64="TrW32Ls5O0SJ6HZfnCZP9/JYqX0="></latexit>
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cj,n = f
H
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I+pu↵H

H
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Hn

⌘�1
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<latexit sha1_base64="zYY4FaTD+slWfOzArWX267DS3R8="></latexit><latexit sha1_base64="zYY4FaTD+slWfOzArWX267DS3R8="></latexit><latexit sha1_base64="zYY4FaTD+slWfOzArWX267DS3R8="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="qZCSVJp7TaBEJe+A5wtXAwnMFeM="></latexit><latexit sha1_base64="qZCSVJp7TaBEJe+A5wtXAwnMFeM="></latexit><latexit sha1_base64="aUKLekgsWgGPeeYAVGpsJs44CfQ="></latexit><latexit sha1_base64="zYY4FaTD+slWfOzArWX267DS3R8="></latexit><latexit sha1_base64="zYY4FaTD+slWfOzArWX267DS3R8="></latexit><latexit sha1_base64="zYY4FaTD+slWfOzArWX267DS3R8="></latexit><latexit sha1_base64="zYY4FaTD+slWfOzArWX267DS3R8="></latexit><latexit sha1_base64="zYY4FaTD+slWfOzArWX267DS3R8="></latexit><latexit sha1_base64="zYY4FaTD+slWfOzArWX267DS3R8="></latexit>

Quantization-Aware Fast Antenna Selection (QAFAS)

cj,n+1 = fH
j
Qn+1fj = fH

j

�
Qn � aa

�H
fj

= cj,n � |fH
j
a|2

<latexit sha1_base64="pwqRfA1jbs0ZT1qQUIYOmnmaw6U="></latexit><latexit sha1_base64="pwqRfA1jbs0ZT1qQUIYOmnmaw6U="></latexit><latexit sha1_base64="pwqRfA1jbs0ZT1qQUIYOmnmaw6U="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="kbbUWWVa/db6d+GurrY/LXhzsBc="></latexit><latexit sha1_base64="kbbUWWVa/db6d+GurrY/LXhzsBc="></latexit><latexit sha1_base64="YSFkOj0YHr0cq7hA8rNmczW26No="></latexit><latexit sha1_base64="pwqRfA1jbs0ZT1qQUIYOmnmaw6U="></latexit><latexit sha1_base64="pwqRfA1jbs0ZT1qQUIYOmnmaw6U="></latexit><latexit sha1_base64="pwqRfA1jbs0ZT1qQUIYOmnmaw6U="></latexit><latexit sha1_base64="pwqRfA1jbs0ZT1qQUIYOmnmaw6U="></latexit><latexit sha1_base64="pwqRfA1jbs0ZT1qQUIYOmnmaw6U="></latexit><latexit sha1_base64="pwqRfA1jbs0ZT1qQUIYOmnmaw6U="></latexit>

Qn+1 = Qn � aaH
<latexit sha1_base64="6/wlYGKHV+269SB34E83u5yLhAc=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMCOpCKLrpsgVrC20tmTTThmYyQ5IRyjA/4cZfceNCxa0Ld/6NaTuCVg+EnJxzLzf3eBFnSjvOp5Wbm19YXMovF1ZW19Y37M2tGxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w6ux37ijUrFQXOtRRDsB7gvmM4K1kbr2YdL2fFRLu4k4cFN0gb7fAh1NOU6z67bStYtOyZkA/SVuRoqQodq1P9q9kMQBFZpwrFTLdSLdSbDUjHCaFtqxohEmQ9ynLUMFDqjqJJOtUrRnlB7yQ2mO0Gii/uxIcKDUKPBMZYD1QM16Y/E/rxVr/6yTMBHFmgoyHeTHHOkQjSNCPSYp0XxkCCaSmb8iMsASE22CLJgQ3NmV/5L6cem85NZOiuXLLI087MAu7IMLp1CGClShDgTu4RGe4cV6sJ6sV+ttWpqzsp5t+AXr/Qv6Tp0J</latexit><latexit sha1_base64="6/wlYGKHV+269SB34E83u5yLhAc=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMCOpCKLrpsgVrC20tmTTThmYyQ5IRyjA/4cZfceNCxa0Ld/6NaTuCVg+EnJxzLzf3eBFnSjvOp5Wbm19YXMovF1ZW19Y37M2tGxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w6ux37ijUrFQXOtRRDsB7gvmM4K1kbr2YdL2fFRLu4k4cFN0gb7fAh1NOU6z67bStYtOyZkA/SVuRoqQodq1P9q9kMQBFZpwrFTLdSLdSbDUjHCaFtqxohEmQ9ynLUMFDqjqJJOtUrRnlB7yQ2mO0Gii/uxIcKDUKPBMZYD1QM16Y/E/rxVr/6yTMBHFmgoyHeTHHOkQjSNCPSYp0XxkCCaSmb8iMsASE22CLJgQ3NmV/5L6cem85NZOiuXLLI087MAu7IMLp1CGClShDgTu4RGe4cV6sJ6sV+ttWpqzsp5t+AXr/Qv6Tp0J</latexit><latexit sha1_base64="6/wlYGKHV+269SB34E83u5yLhAc=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMCOpCKLrpsgVrC20tmTTThmYyQ5IRyjA/4cZfceNCxa0Ld/6NaTuCVg+EnJxzLzf3eBFnSjvOp5Wbm19YXMovF1ZW19Y37M2tGxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w6ux37ijUrFQXOtRRDsB7gvmM4K1kbr2YdL2fFRLu4k4cFN0gb7fAh1NOU6z67bStYtOyZkA/SVuRoqQodq1P9q9kMQBFZpwrFTLdSLdSbDUjHCaFtqxohEmQ9ynLUMFDqjqJJOtUrRnlB7yQ2mO0Gii/uxIcKDUKPBMZYD1QM16Y/E/rxVr/6yTMBHFmgoyHeTHHOkQjSNCPSYp0XxkCCaSmb8iMsASE22CLJgQ3NmV/5L6cem85NZOiuXLLI087MAu7IMLp1CGClShDgTu4RGe4cV6sJ6sV+ttWpqzsp5t+AXr/Qv6Tp0J</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="ZwkxwvGwoOcK14XM96muApi9ayo=">AAACCXicbZBPS8MwGMbfzn9zTp1evQSHIKij9aIeBMHLjhtYHWy1pFm6haVpSVJhlH4JL34VLx5U/ALe/DZmWwXdfCDkl+d9Q/I+QcKZ0rb9ZZWWlldW18rrlY3q5tZ2bad6q+JUEuqSmMeyE2BFORPU1Uxz2kkkxVHA6V0wup7U7x6oVCwWN3qcUC/CA8FCRrA2ll87znpBiNq5n4kjJ0eX6Ocs0MmMcV5s902/Vrcb9lRoEZwC6lCo5dc+e/2YpBEVmnCsVNexE+1lWGpGOM0rvVTRBJMRHtCuQYEjqrxsOlWODozTR2EszRIaTd3fNzIcKTWOAtMZYT1U87WJ+V+tm+rw3MuYSFJNBZk9FKYc6RhNIkJ9JinRfGwAE8nMXxEZYomJNkFWTAjO/MiL4J42LhpO24Yy7ME+HIIDZ3AFTWiBCwQe4Rle4c16sl6s91laJauIbRf+yPr4Bj03m4o=</latexit><latexit sha1_base64="ZwkxwvGwoOcK14XM96muApi9ayo=">AAACCXicbZBPS8MwGMbfzn9zTp1evQSHIKij9aIeBMHLjhtYHWy1pFm6haVpSVJhlH4JL34VLx5U/ALe/DZmWwXdfCDkl+d9Q/I+QcKZ0rb9ZZWWlldW18rrlY3q5tZ2bad6q+JUEuqSmMeyE2BFORPU1Uxz2kkkxVHA6V0wup7U7x6oVCwWN3qcUC/CA8FCRrA2ll87znpBiNq5n4kjJ0eX6Ocs0MmMcV5s902/Vrcb9lRoEZwC6lCo5dc+e/2YpBEVmnCsVNexE+1lWGpGOM0rvVTRBJMRHtCuQYEjqrxsOlWODozTR2EszRIaTd3fNzIcKTWOAtMZYT1U87WJ+V+tm+rw3MuYSFJNBZk9FKYc6RhNIkJ9JinRfGwAE8nMXxEZYomJNkFWTAjO/MiL4J42LhpO24Yy7ME+HIIDZ3AFTWiBCwQe4Rle4c16sl6s91laJauIbRf+yPr4Bj03m4o=</latexit><latexit sha1_base64="0OTFUJyrjJq8UvvlKalnIqT2eCs=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMG3UhFN102YK1hbaWTJppQzOZIckIZZifcOOvuHGh4taFO//GtB1BWw+EnJxzLzf3eBFnSjvOl5VbWFxaXsmvFtbWNza37O2dWxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w+ux37inUrFQ3OhRRDsB7gvmM4K1kbr2cdL2fFRLu4k4clN0iX7eAp1MOU6z667StYtOyZkAzRM3I0XIUO3an+1eSOKACk04VqrlOpHuJFhqRjhNC+1Y0QiTIe7TlqECB1R1kslWKTowSg/5oTRHaDRRf3ckOFBqFHimMsB6oGa9sfif14q1f95JmIhiTQWZDvJjjnSIxhGhHpOUaD4yBBPJzF8RGWCJiTZBFkwI7uzK86R+WroouTWnWL7K0sjDHuzDIbhwBmWoQBXqQOABnuAFXq1H69l6s96npTkr69mFP7A+vgH5Dp0F</latexit><latexit sha1_base64="6/wlYGKHV+269SB34E83u5yLhAc=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMCOpCKLrpsgVrC20tmTTThmYyQ5IRyjA/4cZfceNCxa0Ld/6NaTuCVg+EnJxzLzf3eBFnSjvOp5Wbm19YXMovF1ZW19Y37M2tGxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w6ux37ijUrFQXOtRRDsB7gvmM4K1kbr2YdL2fFRLu4k4cFN0gb7fAh1NOU6z67bStYtOyZkA/SVuRoqQodq1P9q9kMQBFZpwrFTLdSLdSbDUjHCaFtqxohEmQ9ynLUMFDqjqJJOtUrRnlB7yQ2mO0Gii/uxIcKDUKPBMZYD1QM16Y/E/rxVr/6yTMBHFmgoyHeTHHOkQjSNCPSYp0XxkCCaSmb8iMsASE22CLJgQ3NmV/5L6cem85NZOiuXLLI087MAu7IMLp1CGClShDgTu4RGe4cV6sJ6sV+ttWpqzsp5t+AXr/Qv6Tp0J</latexit><latexit sha1_base64="6/wlYGKHV+269SB34E83u5yLhAc=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMCOpCKLrpsgVrC20tmTTThmYyQ5IRyjA/4cZfceNCxa0Ld/6NaTuCVg+EnJxzLzf3eBFnSjvOp5Wbm19YXMovF1ZW19Y37M2tGxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w6ux37ijUrFQXOtRRDsB7gvmM4K1kbr2YdL2fFRLu4k4cFN0gb7fAh1NOU6z67bStYtOyZkA/SVuRoqQodq1P9q9kMQBFZpwrFTLdSLdSbDUjHCaFtqxohEmQ9ynLUMFDqjqJJOtUrRnlB7yQ2mO0Gii/uxIcKDUKPBMZYD1QM16Y/E/rxVr/6yTMBHFmgoyHeTHHOkQjSNCPSYp0XxkCCaSmb8iMsASE22CLJgQ3NmV/5L6cem85NZOiuXLLI087MAu7IMLp1CGClShDgTu4RGe4cV6sJ6sV+ttWpqzsp5t+AXr/Qv6Tp0J</latexit><latexit sha1_base64="6/wlYGKHV+269SB34E83u5yLhAc=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMCOpCKLrpsgVrC20tmTTThmYyQ5IRyjA/4cZfceNCxa0Ld/6NaTuCVg+EnJxzLzf3eBFnSjvOp5Wbm19YXMovF1ZW19Y37M2tGxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w6ux37ijUrFQXOtRRDsB7gvmM4K1kbr2YdL2fFRLu4k4cFN0gb7fAh1NOU6z67bStYtOyZkA/SVuRoqQodq1P9q9kMQBFZpwrFTLdSLdSbDUjHCaFtqxohEmQ9ynLUMFDqjqJJOtUrRnlB7yQ2mO0Gii/uxIcKDUKPBMZYD1QM16Y/E/rxVr/6yTMBHFmgoyHeTHHOkQjSNCPSYp0XxkCCaSmb8iMsASE22CLJgQ3NmV/5L6cem85NZOiuXLLI087MAu7IMLp1CGClShDgTu4RGe4cV6sJ6sV+ttWpqzsp5t+AXr/Qv6Tp0J</latexit><latexit sha1_base64="6/wlYGKHV+269SB34E83u5yLhAc=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMCOpCKLrpsgVrC20tmTTThmYyQ5IRyjA/4cZfceNCxa0Ld/6NaTuCVg+EnJxzLzf3eBFnSjvOp5Wbm19YXMovF1ZW19Y37M2tGxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w6ux37ijUrFQXOtRRDsB7gvmM4K1kbr2YdL2fFRLu4k4cFN0gb7fAh1NOU6z67bStYtOyZkA/SVuRoqQodq1P9q9kMQBFZpwrFTLdSLdSbDUjHCaFtqxohEmQ9ynLUMFDqjqJJOtUrRnlB7yQ2mO0Gii/uxIcKDUKPBMZYD1QM16Y/E/rxVr/6yTMBHFmgoyHeTHHOkQjSNCPSYp0XxkCCaSmb8iMsASE22CLJgQ3NmV/5L6cem85NZOiuXLLI087MAu7IMLp1CGClShDgTu4RGe4cV6sJ6sV+ttWpqzsp5t+AXr/Qv6Tp0J</latexit><latexit sha1_base64="6/wlYGKHV+269SB34E83u5yLhAc=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMCOpCKLrpsgVrC20tmTTThmYyQ5IRyjA/4cZfceNCxa0Ld/6NaTuCVg+EnJxzLzf3eBFnSjvOp5Wbm19YXMovF1ZW19Y37M2tGxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w6ux37ijUrFQXOtRRDsB7gvmM4K1kbr2YdL2fFRLu4k4cFN0gb7fAh1NOU6z67bStYtOyZkA/SVuRoqQodq1P9q9kMQBFZpwrFTLdSLdSbDUjHCaFtqxohEmQ9ynLUMFDqjqJJOtUrRnlB7yQ2mO0Gii/uxIcKDUKPBMZYD1QM16Y/E/rxVr/6yTMBHFmgoyHeTHHOkQjSNCPSYp0XxkCCaSmb8iMsASE22CLJgQ3NmV/5L6cem85NZOiuXLLI087MAu7IMLp1CGClShDgTu4RGe4cV6sJ6sV+ttWpqzsp5t+AXr/Qv6Tp0J</latexit><latexit sha1_base64="6/wlYGKHV+269SB34E83u5yLhAc=">AAACFHicbVDLSgMxFL1TX7W+Rl26CRZBUMuMCOpCKLrpsgVrC20tmTTThmYyQ5IRyjA/4cZfceNCxa0Ld/6NaTuCVg+EnJxzLzf3eBFnSjvOp5Wbm19YXMovF1ZW19Y37M2tGxXGktA6CXkomx5WlDNB65ppTpuRpDjwOG14w6ux37ijUrFQXOtRRDsB7gvmM4K1kbr2YdL2fFRLu4k4cFN0gb7fAh1NOU6z67bStYtOyZkA/SVuRoqQodq1P9q9kMQBFZpwrFTLdSLdSbDUjHCaFtqxohEmQ9ynLUMFDqjqJJOtUrRnlB7yQ2mO0Gii/uxIcKDUKPBMZYD1QM16Y/E/rxVr/6yTMBHFmgoyHeTHHOkQjSNCPSYp0XxkCCaSmb8iMsASE22CLJgQ3NmV/5L6cem85NZOiuXLLI087MAu7IMLp1CGClShDgTu4RGe4cV6sJ6sV+ttWpqzsp5t+AXr/Qv6Tp0J</latexit>
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<latexit sha1_base64="6Qgbqpoplu+5rKTmXwgzpbGAEZc="></latexit><latexit sha1_base64="6Qgbqpoplu+5rKTmXwgzpbGAEZc="></latexit><latexit sha1_base64="6Qgbqpoplu+5rKTmXwgzpbGAEZc="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="cfRbHJYl64EXsXfiml/naBWOy/8="></latexit><latexit sha1_base64="cfRbHJYl64EXsXfiml/naBWOy/8="></latexit><latexit sha1_base64="IE1pXI97iMoj9t6RcBxQzmhwOyA="></latexit><latexit sha1_base64="6Qgbqpoplu+5rKTmXwgzpbGAEZc="></latexit><latexit sha1_base64="6Qgbqpoplu+5rKTmXwgzpbGAEZc="></latexit><latexit sha1_base64="6Qgbqpoplu+5rKTmXwgzpbGAEZc="></latexit><latexit sha1_base64="6Qgbqpoplu+5rKTmXwgzpbGAEZc="></latexit><latexit sha1_base64="6Qgbqpoplu+5rKTmXwgzpbGAEZc="></latexit><latexit sha1_base64="6Qgbqpoplu+5rKTmXwgzpbGAEZc="></latexit>
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<latexit sha1_base64="OTov6ktSrhsfH1cDxMigJH/YwBA="></latexit><latexit sha1_base64="OTov6ktSrhsfH1cDxMigJH/YwBA="></latexit><latexit sha1_base64="OTov6ktSrhsfH1cDxMigJH/YwBA="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="TDOHORnoKijsvEgbGumiKvAcLCY="></latexit><latexit sha1_base64="TDOHORnoKijsvEgbGumiKvAcLCY="></latexit><latexit sha1_base64="Sdoh24o9YIKqL4s6fpQ5VBc+xlE="></latexit><latexit sha1_base64="OTov6ktSrhsfH1cDxMigJH/YwBA="></latexit><latexit sha1_base64="OTov6ktSrhsfH1cDxMigJH/YwBA="></latexit><latexit sha1_base64="OTov6ktSrhsfH1cDxMigJH/YwBA="></latexit><latexit sha1_base64="OTov6ktSrhsfH1cDxMigJH/YwBA="></latexit><latexit sha1_base64="OTov6ktSrhsfH1cDxMigJH/YwBA="></latexit><latexit sha1_base64="OTov6ktSrhsfH1cDxMigJH/YwBA="></latexit>

q Complexity reduction

Matrix inversion requires high complexity

§ Matrix inversion is involved in MI gain

§ Simplifying MI gain update

Matrix 
inversion 
lemma

Matrix inversion lemma
(A+ UCV )�1 = A�1 �A�1U(C�1 + V A�1U)�1V A�1

<latexit sha1_base64="PyCS2jn9pQyIHLzkyrdYkUu7nHA=">AAACKHicbZBPS8MwGMZT/875r+rRS3AIk7HRiqAehM1dPE6w22CrI83SLSxNS5IKo+zrePGreFFQ2dVPYrb2oJsPBH553vcleR8vYlQqy5oaK6tr6xubua389s7u3r55cNiUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y3qs3rriQhJQ/6gxhFxAzTg1KcYKW31zGqxBkvQqTfPHpOyPYE3sJZCOQOnWE+NEmxmTtqa3XpmwapYc8FlsDMogEyNnvne7Yc4DghXmCEpO7YVKTdBQlHMyCTfjSWJEB6hAelo5Cgg0k3mm07gqXb60A+FPlzBuft7IkGBlOPA050BUkO5WJuZ/9U6sfKv3ITyKFaE4/QhP2ZQhXAWG+xTQbBiYw0IC6r/CvEQCYSVDjevQ7AXV14G57xyXbHvLwrV2yyNHDgGJ6AIbHAJquAONIADMHgGr+ADfBovxpvxZUzT1hUjmzkCf2R8/wC4GKEZ</latexit><latexit sha1_base64="PyCS2jn9pQyIHLzkyrdYkUu7nHA=">AAACKHicbZBPS8MwGMZT/875r+rRS3AIk7HRiqAehM1dPE6w22CrI83SLSxNS5IKo+zrePGreFFQ2dVPYrb2oJsPBH553vcleR8vYlQqy5oaK6tr6xubua389s7u3r55cNiUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y3qs3rriQhJQ/6gxhFxAzTg1KcYKW31zGqxBkvQqTfPHpOyPYE3sJZCOQOnWE+NEmxmTtqa3XpmwapYc8FlsDMogEyNnvne7Yc4DghXmCEpO7YVKTdBQlHMyCTfjSWJEB6hAelo5Cgg0k3mm07gqXb60A+FPlzBuft7IkGBlOPA050BUkO5WJuZ/9U6sfKv3ITyKFaE4/QhP2ZQhXAWG+xTQbBiYw0IC6r/CvEQCYSVDjevQ7AXV14G57xyXbHvLwrV2yyNHDgGJ6AIbHAJquAONIADMHgGr+ADfBovxpvxZUzT1hUjmzkCf2R8/wC4GKEZ</latexit><latexit sha1_base64="PyCS2jn9pQyIHLzkyrdYkUu7nHA=">AAACKHicbZBPS8MwGMZT/875r+rRS3AIk7HRiqAehM1dPE6w22CrI83SLSxNS5IKo+zrePGreFFQ2dVPYrb2oJsPBH553vcleR8vYlQqy5oaK6tr6xubua389s7u3r55cNiUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y3qs3rriQhJQ/6gxhFxAzTg1KcYKW31zGqxBkvQqTfPHpOyPYE3sJZCOQOnWE+NEmxmTtqa3XpmwapYc8FlsDMogEyNnvne7Yc4DghXmCEpO7YVKTdBQlHMyCTfjSWJEB6hAelo5Cgg0k3mm07gqXb60A+FPlzBuft7IkGBlOPA050BUkO5WJuZ/9U6sfKv3ITyKFaE4/QhP2ZQhXAWG+xTQbBiYw0IC6r/CvEQCYSVDjevQ7AXV14G57xyXbHvLwrV2yyNHDgGJ6AIbHAJquAONIADMHgGr+ADfBovxpvxZUzT1hUjmzkCf2R8/wC4GKEZ</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="YCJyW1un4z9fO2kgelxa1djSVm0=">AAACHXicbZBPSwJBGMbftX9mVlvXLkMSGKLsdqkOgeKlo0Grgm4yO446OPuHmdlAFr9Ol75Kl4IKv02ju4fSHhj4zfO+LzPv40WcSWVZCyO3tb2zu5ffLxwUD4+OzZNiW4axINQhIQ9F18OSchZQRzHFaTcSFPsepx1v2lzWO89USBYGj2oWUdfH44CNGMFKWwOzXm6gCnKa7cunpGrP0R1qpFDNwCk3U6OC2pmTtma3gVmyatZKaBPsDEqQqTUwP/rDkMQ+DRThWMqebUXKTbBQjHA6L/RjSSNMpnhMexoD7FPpJqtN5+hCO0M0CoU+gUIr9/dEgn0pZ76nO32sJnK9tjT/q/ViNbpxExZEsaIBSR8axRypEC1jQ0MmKFF8pgETwfRfEZlggYnS4RZ0CPb6ypvgXNVua/aDBXk4g3Mogw3XUId7aIEDBF7gDT7hy3g13o3vNK2ckcV2Cn9kLH4A0dqfhg==</latexit><latexit sha1_base64="YCJyW1un4z9fO2kgelxa1djSVm0=">AAACHXicbZBPSwJBGMbftX9mVlvXLkMSGKLsdqkOgeKlo0Grgm4yO446OPuHmdlAFr9Ol75Kl4IKv02ju4fSHhj4zfO+LzPv40WcSWVZCyO3tb2zu5ffLxwUD4+OzZNiW4axINQhIQ9F18OSchZQRzHFaTcSFPsepx1v2lzWO89USBYGj2oWUdfH44CNGMFKWwOzXm6gCnKa7cunpGrP0R1qpFDNwCk3U6OC2pmTtma3gVmyatZKaBPsDEqQqTUwP/rDkMQ+DRThWMqebUXKTbBQjHA6L/RjSSNMpnhMexoD7FPpJqtN5+hCO0M0CoU+gUIr9/dEgn0pZ76nO32sJnK9tjT/q/ViNbpxExZEsaIBSR8axRypEC1jQ0MmKFF8pgETwfRfEZlggYnS4RZ0CPb6ypvgXNVua/aDBXk4g3Mogw3XUId7aIEDBF7gDT7hy3g13o3vNK2ckcV2Cn9kLH4A0dqfhg==</latexit><latexit sha1_base64="QWNRJZctdmKiI9fdA2nysUo8/F4=">AAACKHicbZBPT8IwGMY7/If4b+rRSyMxwRDI5kU9mIBcPGLigAQm6UoHDV23tJ0JWfg6XvwqXjRRw9VPYmE7KPgkTX593vdN+z5exKhUljUzcmvrG5tb+e3Czu7e/oF5eNSSYSwwcXDIQtHxkCSMcuIoqhjpRIKgwGOk7Y0b83r7iQhJQ/6gJhFxAzTk1KcYKW31zVqpDsvQabTOH5OKPYU3sJ5CJQOn1EiNMmxlTtqa3fpm0apaC8FVsDMogkzNvvneG4Q4DghXmCEpu7YVKTdBQlHMyLTQiyWJEB6jIelq5Cgg0k0Wm07hmXYG0A+FPlzBhft7IkGBlJPA050BUiO5XJub/9W6sfKv3ITyKFaE4/QhP2ZQhXAeGxxQQbBiEw0IC6r/CvEICYSVDregQ7CXV14F56J6XbXvrWLtNksjD07AKSgBG1yCGrgDTeAADJ7BK/gAn8aL8WZ8GbO0NWdkM8fgj4zvH7bYoRU=</latexit><latexit sha1_base64="PyCS2jn9pQyIHLzkyrdYkUu7nHA=">AAACKHicbZBPS8MwGMZT/875r+rRS3AIk7HRiqAehM1dPE6w22CrI83SLSxNS5IKo+zrePGreFFQ2dVPYrb2oJsPBH553vcleR8vYlQqy5oaK6tr6xubua389s7u3r55cNiUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y3qs3rriQhJQ/6gxhFxAzTg1KcYKW31zGqxBkvQqTfPHpOyPYE3sJZCOQOnWE+NEmxmTtqa3XpmwapYc8FlsDMogEyNnvne7Yc4DghXmCEpO7YVKTdBQlHMyCTfjSWJEB6hAelo5Cgg0k3mm07gqXb60A+FPlzBuft7IkGBlOPA050BUkO5WJuZ/9U6sfKv3ITyKFaE4/QhP2ZQhXAWG+xTQbBiYw0IC6r/CvEQCYSVDjevQ7AXV14G57xyXbHvLwrV2yyNHDgGJ6AIbHAJquAONIADMHgGr+ADfBovxpvxZUzT1hUjmzkCf2R8/wC4GKEZ</latexit><latexit sha1_base64="PyCS2jn9pQyIHLzkyrdYkUu7nHA=">AAACKHicbZBPS8MwGMZT/875r+rRS3AIk7HRiqAehM1dPE6w22CrI83SLSxNS5IKo+zrePGreFFQ2dVPYrb2oJsPBH553vcleR8vYlQqy5oaK6tr6xubua389s7u3r55cNiUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y3qs3rriQhJQ/6gxhFxAzTg1KcYKW31zGqxBkvQqTfPHpOyPYE3sJZCOQOnWE+NEmxmTtqa3XpmwapYc8FlsDMogEyNnvne7Yc4DghXmCEpO7YVKTdBQlHMyCTfjSWJEB6hAelo5Cgg0k3mm07gqXb60A+FPlzBuft7IkGBlOPA050BUkO5WJuZ/9U6sfKv3ITyKFaE4/QhP2ZQhXAWG+xTQbBiYw0IC6r/CvEQCYSVDjevQ7AXV14G57xyXbHvLwrV2yyNHDgGJ6AIbHAJquAONIADMHgGr+ADfBovxpvxZUzT1hUjmzkCf2R8/wC4GKEZ</latexit><latexit sha1_base64="PyCS2jn9pQyIHLzkyrdYkUu7nHA=">AAACKHicbZBPS8MwGMZT/875r+rRS3AIk7HRiqAehM1dPE6w22CrI83SLSxNS5IKo+zrePGreFFQ2dVPYrb2oJsPBH553vcleR8vYlQqy5oaK6tr6xubua389s7u3r55cNiUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y3qs3rriQhJQ/6gxhFxAzTg1KcYKW31zGqxBkvQqTfPHpOyPYE3sJZCOQOnWE+NEmxmTtqa3XpmwapYc8FlsDMogEyNnvne7Yc4DghXmCEpO7YVKTdBQlHMyCTfjSWJEB6hAelo5Cgg0k3mm07gqXb60A+FPlzBuft7IkGBlOPA050BUkO5WJuZ/9U6sfKv3ITyKFaE4/QhP2ZQhXAWG+xTQbBiYw0IC6r/CvEQCYSVDjevQ7AXV14G57xyXbHvLwrV2yyNHDgGJ6AIbHAJquAONIADMHgGr+ADfBovxpvxZUzT1hUjmzkCf2R8/wC4GKEZ</latexit><latexit sha1_base64="PyCS2jn9pQyIHLzkyrdYkUu7nHA=">AAACKHicbZBPS8MwGMZT/875r+rRS3AIk7HRiqAehM1dPE6w22CrI83SLSxNS5IKo+zrePGreFFQ2dVPYrb2oJsPBH553vcleR8vYlQqy5oaK6tr6xubua389s7u3r55cNiUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y3qs3rriQhJQ/6gxhFxAzTg1KcYKW31zGqxBkvQqTfPHpOyPYE3sJZCOQOnWE+NEmxmTtqa3XpmwapYc8FlsDMogEyNnvne7Yc4DghXmCEpO7YVKTdBQlHMyCTfjSWJEB6hAelo5Cgg0k3mm07gqXb60A+FPlzBuft7IkGBlOPA050BUkO5WJuZ/9U6sfKv3ITyKFaE4/QhP2ZQhXAWG+xTQbBiYw0IC6r/CvEQCYSVDjevQ7AXV14G57xyXbHvLwrV2yyNHDgGJ6AIbHAJquAONIADMHgGr+ADfBovxpvxZUzT1hUjmzkCf2R8/wC4GKEZ</latexit><latexit sha1_base64="PyCS2jn9pQyIHLzkyrdYkUu7nHA=">AAACKHicbZBPS8MwGMZT/875r+rRS3AIk7HRiqAehM1dPE6w22CrI83SLSxNS5IKo+zrePGreFFQ2dVPYrb2oJsPBH553vcleR8vYlQqy5oaK6tr6xubua389s7u3r55cNiUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y3qs3rriQhJQ/6gxhFxAzTg1KcYKW31zGqxBkvQqTfPHpOyPYE3sJZCOQOnWE+NEmxmTtqa3XpmwapYc8FlsDMogEyNnvne7Yc4DghXmCEpO7YVKTdBQlHMyCTfjSWJEB6hAelo5Cgg0k3mm07gqXb60A+FPlzBuft7IkGBlOPA050BUkO5WJuZ/9U6sfKv3ITyKFaE4/QhP2ZQhXAWG+xTQbBiYw0IC6r/CvEQCYSVDjevQ7AXV14G57xyXbHvLwrV2yyNHDgGJ6AIbHAJquAONIADMHgGr+ADfBovxpvxZUzT1hUjmzkCf2R8/wC4GKEZ</latexit><latexit sha1_base64="PyCS2jn9pQyIHLzkyrdYkUu7nHA=">AAACKHicbZBPS8MwGMZT/875r+rRS3AIk7HRiqAehM1dPE6w22CrI83SLSxNS5IKo+zrePGreFFQ2dVPYrb2oJsPBH553vcleR8vYlQqy5oaK6tr6xubua389s7u3r55cNiUYSwwcXDIQtH2kCSMcuIoqhhpR4KgwGOk5Y3qs3rriQhJQ/6gxhFxAzTg1KcYKW31zGqxBkvQqTfPHpOyPYE3sJZCOQOnWE+NEmxmTtqa3XpmwapYc8FlsDMogEyNnvne7Yc4DghXmCEpO7YVKTdBQlHMyCTfjSWJEB6hAelo5Cgg0k3mm07gqXb60A+FPlzBuft7IkGBlOPA050BUkO5WJuZ/9U6sfKv3ITyKFaE4/QhP2ZQhXAWG+xTQbBiYw0IC6r/CvEQCYSVDjevQ7AXV14G57xyXbHvLwrV2yyNHDgGJ6AIbHAJquAONIADMHgGr+ADfBovxpvxZUzT1hUjmzkCf2R8/wC4GKEZ</latexit>

Complexity

q Proposed algorithm

where and

O(K Nr Nu)

Q0 = INu
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Quantization-Aware Fast Antenna Selection (QAFAS)

Complexity O(K Nr Nu)
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§ Complexity for step 5: O(!"#$)
• ! iterations x Inner product %&'

§ Complexity for step 6: O(!"("#)

• ! iterations 

x "( updates 

x Inner product &)*+
§ Large antenna arrays ("( ≫ "#) 

Rate-Maximization Antenna Selection

q Asymptotic complexity analysis

Overall complexity becomes O(K Nr Nu)

same as FAS [Gharavi-Alkhansari04]

q Proposed algorithm
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SIMULATION – SUB-6GHz SYSTEM
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Quantization error becomes negligible
: generalization of FAS algorithm

Why?

Avg. mutual information  vs.  # of ADC bits
(5 dBm Tx power)

128 antennas, 2.4 GHz carrier frequency, 10 MHz bandwidth, 10 users, 2km cell radius, 100m min. user distance to BS Settings

Converges

Quantization error dominates thermal noise
: QAFAS is effective under quantization error

Why?

Avg. mutual information vs.  Transmit power

(3 quantization bits)

More beneficial
when SNR is high

!"#$#% ≈ '!()*+,-
!"#$#% ≈ '!()*+,-

K: # of selected antennas

Figure 1 Figure 2



SUMMARY OF CONTRIBUTIONS
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Quantization-aware FAS

Switch-based hybrid low-res. ADC system

RF 
chain

RF 
chain

Baseband
Combiner

RF 
chain

A
ADC

A
ADC

A
ADC

Nr
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<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>

. . .  . . .  

. . .  

. . .  WBB
<latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="POEpvwL6Fj2LVmOJAQ/FhaRIQq0=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbzIvHCdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2alvbO7t79f3GQfPw6Ng9aT7rrFCEBiTjmeonWFPOJA0MM5z2c0WxSDjtJZP7ed6bUqVZJp/MLKeRwCPJUkawsVbsumWYpKhXxWWoBOp0qthteW1vIbQJ/gpasFI3dr/CYUYKQaUhHGs98L3cRCVWhhFOq0ZYaJpjMsEjOrAosaA6KhebV+jCOkOUZsoeadDC/f2ixELrmUjsTYHNWK9nc/O/bFCY9CYqmcwLQyVZDkoLjkyG5jWgIVOUGD6zgIlidldExlhhYmxZDVuCv/7lTQiu2rdt/9GDOpzBOVyCD9dwBw/QhQAITOEF3uDdKZ1X52PZVs1Z1XYKf+R8/gDag5GF</latexit><latexit sha1_base64="POEpvwL6Fj2LVmOJAQ/FhaRIQq0=">AAAB7XicbZBPS8MwGMbfzn9zTq1evQSH4Gm0XtSbzIvHCdYN1lLSLN3CkrQk6WCUfhMvHlT8Ot78NmZ/Drr5QODH8yS8b54k50wbz/t2alvbO7t79f3GQfPw6Ng9aT7rrFCEBiTjmeonWFPOJA0MM5z2c0WxSDjtJZP7ed6bUqVZJp/MLKeRwCPJUkawsVbsumWYpKhXxWWoBOp0qthteW1vIbQJ/gpasFI3dr/CYUYKQaUhHGs98L3cRCVWhhFOq0ZYaJpjMsEjOrAosaA6KhebV+jCOkOUZsoeadDC/f2ixELrmUjsTYHNWK9nc/O/bFCY9CYqmcwLQyVZDkoLjkyG5jWgIVOUGD6zgIlidldExlhhYmxZDVuCv/7lTQiu2rdt/9GDOpzBOVyCD9dwBw/QhQAITOEF3uDdKZ1X52PZVs1Z1XYKf+R8/gDag5GF</latexit><latexit sha1_base64="wSaY6os6u1YXGoeGDoq6ttWdTnw=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0m8qLdSLx4rGFtoQthsN+3S3STsbgol5J948aDi1Z/izX/jts1BWx8MPN6bYWZelHGmtON8W7WNza3tnfpuY2//4PDIPj55UmkuCfVIylPZj7CinCXU00xz2s8kxSLitBdN7uZ+b0qlYmnyqGcZDQQeJSxmBGsjhbZd+FGMemVY+FKgTqcM7abTchZA68StSBMqdEP7yx+mJBc00YRjpQauk+mgwFIzwmnZ8HNFM0wmeEQHhiZYUBUUi8tLdGGUIYpTaSrRaKH+niiwUGomItMpsB6rVW8u/ucNch3fBAVLslzThCwXxTlHOkXzGNCQSUo0nxmCiWTmVkTGWGKiTVgNE4K7+vI68a5aty33wWm2O1UadTiDc7gEF66hDffQBQ8ITOEZXuHNKqwX6936WLbWrGrmFP7A+vwBLAaS5A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit><latexit sha1_base64="+fsD88OtNfHZYVBUQ35DHEpntWA=">AAAB+HicbVBNS8NAEJ3Ur1q/oh69LBbBU0lEUG+lXjxWMLbQhLDZbtqlm03Y3RRKyD/x4kHFqz/Fm//GbZuDVh8MPN6bYWZelHGmtON8WbW19Y3Nrfp2Y2d3b//APjx6VGkuCfVIylPZj7CinAnqaaY57WeS4iTitBdNbud+b0qlYql40LOMBgkeCRYzgrWRQtsu/ChGvTIsfJmgTqcM7abTchZAf4lbkSZU6Ib2pz9MSZ5QoQnHSg1cJ9NBgaVmhNOy4eeKZphM8IgODBU4oSooFpeX6MwoQxSn0pTQaKH+nChwotQsiUxngvVYrXpz8T9vkOv4OiiYyHJNBVkuinOOdIrmMaAhk5RoPjMEE8nMrYiMscREm7AaJgR39eW/xLto3bTc+8tmu1OlUYcTOIVzcOEK2nAHXfCAwBSe4AVercJ6tt6s92VrzapmjuEXrI9vLUaS6A==</latexit>

Low resolution 
Switches

WRF
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Generalized selection measure

J = argmax
j

cj,n
dj
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Tradeoff between mutual information gain
and quantization penalty

Background  |  Bit allocation  |  Antenna selection  |  User scheduling  |  CoMP |  Conclusion
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where (a) comes from matrix determinant lemma |A+ uvH | = |A|(1 + vHA�1u)
<latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="WdDH73JmZwCFim7tBMcx2ptb6Ss=">AAACJXicbZDLSgMxFIbP1FutVatbN8EiVIplxo26EBQ3XVawttAbmTTThmYuJJlCmc4rufFNxE0XKr6J6XQUbT0Q8vH/OZyc3w44k8o0Z0ZmbX1jcyu7ndvJ7+7tFw7yj9IPBaF14nNfNG0sKWcerSumOG0GgmLX5rRhj+7mfmNMhWS+96AmAe24eOAxhxGstNQrVKdR23bQbYzKKKEwTq5x3K1O0TX6tqclq/xjpFo3OrPitOm0VyiaFTMptApWCkVIq9YrvLT7Pgld6inCsZQtywxUJ8JCMcJpnGuHkgaYjPCAtjR62KWyEyUbx+hEK33k+EIfT6FE/d0RYVfKiWvrly5WQ7nszcX/vFaonMtOxLwgVNQji0FOyJHy0Tw+1GeCEsUnGjARTP8VkSEWmCgdck6HYC2vvAr188pVxbo3IQtHcAwlsOACbqAKNagDgSd4hTd4N56NmfGxSCtjpLEdwp8yPr8AFzOmdg==</latexit><latexit sha1_base64="WdDH73JmZwCFim7tBMcx2ptb6Ss=">AAACJXicbZDLSgMxFIbP1FutVatbN8EiVIplxo26EBQ3XVawttAbmTTThmYuJJlCmc4rufFNxE0XKr6J6XQUbT0Q8vH/OZyc3w44k8o0Z0ZmbX1jcyu7ndvJ7+7tFw7yj9IPBaF14nNfNG0sKWcerSumOG0GgmLX5rRhj+7mfmNMhWS+96AmAe24eOAxhxGstNQrVKdR23bQbYzKKKEwTq5x3K1O0TX6tqclq/xjpFo3OrPitOm0VyiaFTMptApWCkVIq9YrvLT7Pgld6inCsZQtywxUJ8JCMcJpnGuHkgaYjPCAtjR62KWyEyUbx+hEK33k+EIfT6FE/d0RYVfKiWvrly5WQ7nszcX/vFaonMtOxLwgVNQji0FOyJHy0Tw+1GeCEsUnGjARTP8VkSEWmCgdck6HYC2vvAr188pVxbo3IQtHcAwlsOACbqAKNagDgSd4hTd4N56NmfGxSCtjpLEdwp8yPr8AFzOmdg==</latexit><latexit sha1_base64="wPUjMUYojk3OM9YpYlq/HwHe+6s=">AAACMHicbVBLTwIxGOz6RHytevTSSEwwRLLrRT2YoF44YuIKCSykW7rQ0H2k7ZKQZf+SF/+J8cJBjVd/hWVZjYKTNJ3MfJP2GydkVEjDmGhLyyura+u5jfzm1vbOrr63/yCCiGNi4YAFvOEgQRj1iSWpZKQRcoI8h5G6M7id+vUh4YIG/r0chcT2UM+nLsVIKqmjV8dxy3HhdQJLMGVRkl7DpF0dwyv4bY+LZunHyLR2fGomWeikoxeMspECLhIzIwWQodbRn1vdAEce8SVmSIimaYTSjhGXFDOS5FuRICHCA9QjTUV95BFhx+nGCTxWShe6AVfHlzBVfydi5Akx8hw16SHZF/PeVPzPa0bSvbBj6oeRJD6ePeRGDMoATuuDXcoJlmykCMKcqr9C3EccYalKzqsSzPmVF4l1Vr4sm3dGoXKTtZEDh+AIFIEJzkEFVEENWACDR/ACXsGb9qRNtHftYza6pGWZA/AH2ucXR2moDQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit><latexit sha1_base64="27HCp1y4yNnxmF6hpcM3p7wcung=">AAACMHicbVBLSwMxGMzWV62vVY9egkWoFMuuCOpBqHrpsYJrC32RTbNtaPZBki2U7f4lL/4T8dKDild/hel2FW0dCBlmviH5xg4YFdIwJlpmaXlldS27ntvY3Nre0Xf3HoQfckws7DOf120kCKMesSSVjNQDTpBrM1KzB7dTvzYkXFDfu5ejgLRc1POoQzGSSurolXHUtB14HcMiTFgYJ9cwblfG8Ap+2+OCWfwxUq0dnZhxGjru6HmjZCSAi8RMSR6kqHb052bXx6FLPIkZEqJhGoFsRYhLihmJc81QkADhAeqRhqIecoloRcnGMTxSShc6PlfHkzBRfyci5Aoxcm016SLZF/PeVPzPa4TSuWhF1AtCSTw8e8gJGZQ+nNYHu5QTLNlIEYQ5VX+FuI84wlKVnFMlmPMrLxLrtHRZMu/O8uWbtI0sOACHoABMcA7KoAKqwAIYPIIX8AretCdtor1rH7PRjJZm9sEfaJ9fSKmoEQ==</latexit>

GREEDY MI-MAXIMIZINGANTENNA SELECTION

14

q Mutual information expression

where

(n+1) th row of Hn+1

Diagonal entry of D corresponding to fK(n+1)

§ At (n+1)th selection stage  

(a)

§

quantization noise covariance
Rqq = ↵(1� ↵) diag(⇢HKH

H

K + I)
<latexit sha1_base64="u8MJoijtjr5lyfbAm7AvmXJzEoE="></latexit><latexit sha1_base64="u8MJoijtjr5lyfbAm7AvmXJzEoE="></latexit><latexit sha1_base64="u8MJoijtjr5lyfbAm7AvmXJzEoE="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="0FX6HK8GVY5vsGXWM36LG25Hvx8="></latexit><latexit sha1_base64="0FX6HK8GVY5vsGXWM36LG25Hvx8="></latexit><latexit sha1_base64="MZolpUS/JtFBkDRRB/VjYCyMjf4="></latexit><latexit sha1_base64="u8MJoijtjr5lyfbAm7AvmXJzEoE="></latexit><latexit sha1_base64="u8MJoijtjr5lyfbAm7AvmXJzEoE="></latexit><latexit sha1_base64="u8MJoijtjr5lyfbAm7AvmXJzEoE="></latexit><latexit sha1_base64="u8MJoijtjr5lyfbAm7AvmXJzEoE="></latexit><latexit sha1_base64="u8MJoijtjr5lyfbAm7AvmXJzEoE="></latexit><latexit sha1_base64="u8MJoijtjr5lyfbAm7AvmXJzEoE="></latexit>

where



SIMULATION – MILLIMETER WAVE SYSTEM
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256 antennas

52 selected antennas 

3 channel paths 

8 users

28 GHz carrier freq. 

200 MHz BW

200m cell radius,

20m min. user distance

3 ADC bits 
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