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

[Pi&Khan11]

• large number of antennas and radio frequency chains  
• high sampling rate

§ Excessive power consumption

§ Key Properties
Conventional MIMO Receiver

• Full-resolution ADC (12 – 16 bits)
• Full RF chains (!"# = !%)
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RF 
chain

RF 
chain

RF 
chain

RF 
chain

[IBM mmWave antennas]



Goal

3

Reduced number of ADC bits, 
BUT full RF chains (!"# = !%)

q Design new analog combining to incorporate quantization error

Baseband
Combiner

AADC

AADC

AADC

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>

. . .  

AADC

. . .  

. . .  

Nr
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Low resolution 

Low-resolution ADC system Hybrid beamforming system

Reduced number of RF chains,
BUT full-resolution ADCs (& ≥ 12)

Conventional low-power solutions (A, B)
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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>

Phase shifters

(1) Reduces number of RF chains
(2) Low-resolution ADCs

RF 
chain
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Baseband
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RF 
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AADC
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NRF
<latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="aRAS/+LzrFlE0HyllF1WlfCoYzk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8qLeiIJ6kirHFNpTNdtMu3d2E3Y1QQv6FFw8qXv053vw3btsctPXBwOO9GWbmhQln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7DzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6HLit56o0iyW92ac0EDggWQRI9hY6fGml3WVQHdXea9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhNK90U00TTEZ4QDuWSiyoDrLpxTk6skofRbGyJQ2aqr8nMiy0HovQdgpshnrem4j/eZ3URGdBxmSSGirJbFGUcmRiNHkf9ZmixPCxJZgoZm9FZIgVJsaGVLEhePMvLxL/pH5ed2/dWuOiSKMMB3AIx+DBKTTgGprgAwEJz/AKb452Xpx352PWWnKKmX34A+fzB2l9kEU=</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit>
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<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>

Hybrid + Low-resolution ADCs

RF chain

RF chain

RF chain

RF chain

RF 
chain

RF 
chain

RF 
chain

NRF
<latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="aRAS/+LzrFlE0HyllF1WlfCoYzk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8qLeiIJ6kirHFNpTNdtMu3d2E3Y1QQv6FFw8qXv053vw3btsctPXBwOO9GWbmhQln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7DzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6HLit56o0iyW92ac0EDggWQRI9hY6fGml3WVQHdXea9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhNK90U00TTEZ4QDuWSiyoDrLpxTk6skofRbGyJQ2aqr8nMiy0HovQdgpshnrem4j/eZ3URGdBxmSSGirJbFGUcmRiNHkf9ZmixPCxJZgoZm9FZIgVJsaGVLEhePMvLxL/pH5ed2/dWuOiSKMMB3AIx+DBKTTgGprgAwEJz/AKb452Xpx352PWWnKKmX34A+fzB2l9kEU=</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit>

. . .  

Baseband
Combiner

WBB
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AADC

AADC

AADC

. . .  

Split into two combiners

Key Idea: 1st AC*: aggregates channel gain +  2nd AC: spread gains  
*AC: Analog combiner 

New low-power solution



SYSTEM MODEL
Two-Stage Analog Combining
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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>

ŝNu
<latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/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+5q0Vq5w5hD+wPn8AxcCSSA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit>

…
…

…

… …

… …

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

+

+

NRF
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1st Analog Combiner 

2nd Analog Combiner

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

Low Resolution 

(i) W?
RF1

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

……

(ii) W?
RF2

<latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="YEHk54xd3yQnO3+GI/ynFrpyjWU=">AAAB/nicbZDNS8MwGMbfzq85p1avXoJDmJfR7qJHQRCPU9wHrLWkWbqFpWlJUmGUevTiv+LFgyL+Gd78b8w+Drr5QODH8yS8eZ8w5Uxpx/m2SmvrG5tb5e3KTnV3b98+qHZUkklC2yThieyFWFHOBG1rpjntpZLiOOS0G44vp3n3gUrFEnGnJyn1YzwULGIEa2MFNqozdvqYe2GEukWQ556M0e1VETSLe09pLFFg15yGMxNaBXcBNVioFdhf3iAhWUyFJhwr1XedVPs5lpoRTouKlymaYjLGQ9o3KHBMlZ/PNinQiXEGKEqkOUKjmfv7RY5jpSZxaG7GWI/UcjY1/8v6mY7O/ZyJNNNUkPmgKONIJ2haCxowSYnmEwOYSGb+isgIS0y0Ka9iSnCXV16FTrPhGr5xoAxHcAx1cOEMLuAaWtAGAk/wAm/wbj1br9bHvK6StejtEP7I+vwB14WYEg==</latexit><latexit sha1_base64="YEHk54xd3yQnO3+GI/ynFrpyjWU=">AAAB/nicbZDNS8MwGMbfzq85p1avXoJDmJfR7qJHQRCPU9wHrLWkWbqFpWlJUmGUevTiv+LFgyL+Gd78b8w+Drr5QODH8yS8eZ8w5Uxpx/m2SmvrG5tb5e3KTnV3b98+qHZUkklC2yThieyFWFHOBG1rpjntpZLiOOS0G44vp3n3gUrFEnGnJyn1YzwULGIEa2MFNqozdvqYe2GEukWQ556M0e1VETSLe09pLFFg15yGMxNaBXcBNVioFdhf3iAhWUyFJhwr1XedVPs5lpoRTouKlymaYjLGQ9o3KHBMlZ/PNinQiXEGKEqkOUKjmfv7RY5jpSZxaG7GWI/UcjY1/8v6mY7O/ZyJNNNUkPmgKONIJ2haCxowSYnmEwOYSGb+isgIS0y0Ka9iSnCXV16FTrPhGr5xoAxHcAx1cOEMLuAaWtAGAk/wAm/wbj1br9bHvK6StejtEP7I+vwB14WYEg==</latexit><latexit sha1_base64="2jZ25m3ccX07CKscTFdWf5kGC+c=">AAACCXicbZC7TsMwFIYdrqXcAowsFhVSWaqkC4wVSIixIHqRmhA5rtNatZ3IdpCqKIwsvAoLAwix8gZsvA1umwFafsnSp/+co+PzhwmjSjvOt7W0vLK6tl7aKG9ube/s2nv7bRWnEpMWjlksuyFShFFBWppqRrqJJIiHjHTC0cWk3rknUtFY3OpxQnyOBoJGFCNtrMCGVUpPHjIvjGAnD7LMkxzeXOZBPb/zlEYSBnbFqTlTwUVwC6iAQs3A/vL6MU45ERozpFTPdRLtZ0hqihnJy16qSILwCA1Iz6BAnCg/m16Sw2Pj9GEUS/OEhlP390SGuFJjHppOjvRQzdcm5n+1XqqjMz+jIkk1EXi2KEoZ1DGcxAL7VBKs2dgAwpKav0I8RBJhbcIrmxDc+ZMXoV2vuYavnUrjvIijBA7BEagCF5yCBrgCTdACGDyCZ/AK3qwn68V6tz5mrUtWMXMA/sj6/AFu+pmC</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit>

project  on lower dim.

…

Spreads signals evenly

RF chains RF chains

A
A…

A

Moderate 
quantization 

error

ADCs

Two-stage solution

q Multi-user MIMO uplink system
§ Single cell environment
§ Serve !" ≤ !$% users w. single antenna 

q Millimeter wave channel

Array response vector

Angle of arrival Small scale path gainLarge scale fading gain
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<latexit sha1_base64="KDR8ysDGKU4GMVDXWz0SxvMvcwU="></latexit><latexit sha1_base64="KDR8ysDGKU4GMVDXWz0SxvMvcwU="></latexit><latexit sha1_base64="KDR8ysDGKU4GMVDXWz0SxvMvcwU="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="b5cetIy5nSeQavs8vGDnaONAHbQ="></latexit><latexit sha1_base64="b5cetIy5nSeQavs8vGDnaONAHbQ="></latexit><latexit sha1_base64="qgm+cNw5A+y+YB1d+z+fexoWwPs="></latexit><latexit sha1_base64="KDR8ysDGKU4GMVDXWz0SxvMvcwU="></latexit><latexit sha1_base64="KDR8ysDGKU4GMVDXWz0SxvMvcwU="></latexit><latexit sha1_base64="KDR8ysDGKU4GMVDXWz0SxvMvcwU="></latexit><latexit sha1_base64="KDR8ysDGKU4GMVDXWz0SxvMvcwU="></latexit><latexit sha1_base64="KDR8ysDGKU4GMVDXWz0SxvMvcwU="></latexit><latexit sha1_base64="KDR8ysDGKU4GMVDXWz0SxvMvcwU="></latexit>

q Received signal after power control

*ARV: Array response vector
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<latexit sha1_base64="oRVLsajO1sXF43YeGQE+Ln5MVZ8="></latexit><latexit sha1_base64="oRVLsajO1sXF43YeGQE+Ln5MVZ8="></latexit><latexit sha1_base64="oRVLsajO1sXF43YeGQE+Ln5MVZ8="></latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="mGy/IfGKCcqJLmgfX5eO3eVk+mo="></latexit><latexit sha1_base64="mGy/IfGKCcqJLmgfX5eO3eVk+mo="></latexit><latexit sha1_base64="1sn6ctSFjnk3DX3x6yxnhJbSImw="></latexit><latexit sha1_base64="oRVLsajO1sXF43YeGQE+Ln5MVZ8="></latexit><latexit sha1_base64="oRVLsajO1sXF43YeGQE+Ln5MVZ8="></latexit><latexit sha1_base64="oRVLsajO1sXF43YeGQE+Ln5MVZ8="></latexit><latexit sha1_base64="oRVLsajO1sXF43YeGQE+Ln5MVZ8="></latexit><latexit sha1_base64="oRVLsajO1sXF43YeGQE+Ln5MVZ8="></latexit><latexit sha1_base64="oRVLsajO1sXF43YeGQE+Ln5MVZ8="></latexit>

# =
2d

�
sin ✓

<latexit sha1_base64="TEjNTBmeeoQng7+OU6k684qAZKU=">AAACEHicbVDLSsNAFJ3UV62vqks3g0XoqiRFUBdC0Y3LCsYKTSg3k0k7dDIJM5NCCf0FN/6KGxcqbl2682+ctllo64GBwzn3MfcEKWdK2/a3VVpZXVvfKG9WtrZ3dveq+wf3KskkoS5JeCIfAlCUM0FdzTSnD6mkEAecdoLh9dTvjKhULBF3epxSP4a+YBEjoI3Uq9a9EUg9oBrwJfYiCSRvhpPc42ZECBNPMeHN7F61ZjfsGfAycQpSQwXaveqXFyYki6nQhINSXcdOtZ+bbYxwOql4maIpkCH0addQATFVfj67aIJPjBLiKJHmCY1n6u+OHGKlxnFgKmPQA7XoTcX/vG6mo3M/ZyLNNBVkvijKONYJnsaDQyYp0XxsCBDJzF8xGYCJRZsQKyYEZ/HkZeI2GxcN5/a01roq0iijI3SM6shBZ6iFblAbuYigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fZu2dmg==</latexit><latexit sha1_base64="TEjNTBmeeoQng7+OU6k684qAZKU=">AAACEHicbVDLSsNAFJ3UV62vqks3g0XoqiRFUBdC0Y3LCsYKTSg3k0k7dDIJM5NCCf0FN/6KGxcqbl2682+ctllo64GBwzn3MfcEKWdK2/a3VVpZXVvfKG9WtrZ3dveq+wf3KskkoS5JeCIfAlCUM0FdzTSnD6mkEAecdoLh9dTvjKhULBF3epxSP4a+YBEjoI3Uq9a9EUg9oBrwJfYiCSRvhpPc42ZECBNPMeHN7F61ZjfsGfAycQpSQwXaveqXFyYki6nQhINSXcdOtZ+bbYxwOql4maIpkCH0addQATFVfj67aIJPjBLiKJHmCY1n6u+OHGKlxnFgKmPQA7XoTcX/vG6mo3M/ZyLNNBVkvijKONYJnsaDQyYp0XxsCBDJzF8xGYCJRZsQKyYEZ/HkZeI2GxcN5/a01roq0iijI3SM6shBZ6iFblAbuYigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fZu2dmg==</latexit><latexit sha1_base64="TEjNTBmeeoQng7+OU6k684qAZKU=">AAACEHicbVDLSsNAFJ3UV62vqks3g0XoqiRFUBdC0Y3LCsYKTSg3k0k7dDIJM5NCCf0FN/6KGxcqbl2682+ctllo64GBwzn3MfcEKWdK2/a3VVpZXVvfKG9WtrZ3dveq+wf3KskkoS5JeCIfAlCUM0FdzTSnD6mkEAecdoLh9dTvjKhULBF3epxSP4a+YBEjoI3Uq9a9EUg9oBrwJfYiCSRvhpPc42ZECBNPMeHN7F61ZjfsGfAycQpSQwXaveqXFyYki6nQhINSXcdOtZ+bbYxwOql4maIpkCH0addQATFVfj67aIJPjBLiKJHmCY1n6u+OHGKlxnFgKmPQA7XoTcX/vG6mo3M/ZyLNNBVkvijKONYJnsaDQyYp0XxsCBDJzF8xGYCJRZsQKyYEZ/HkZeI2GxcN5/a01roq0iijI3SM6shBZ6iFblAbuYigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fZu2dmg==</latexit><latexit sha1_base64="X/BbPPQRM1pmBhxdK1enSbL+gJw=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCozbtSd4MZlBccW2qFkMnfa0ExmSO4IpfQFXLhRfDB3vo3pz0KtBwIf5yTk3pOUSloKgi+vtrW9s7tX3/cPGv7h0XGz8WSLygiMRKEK00u4RSU1RiRJYa80yPNEYTeZ3C3y7jMaKwv9SNMS45yPtMyk4OSszrDZCtrBUmwTwjW0YK1h83OQFqLKUZNQ3Np+GJQUz7ghKRTO/UFlseRiwkfYd6h5jjaeLcecs3PnpCwrjDua2NL9+WLGc2uneeJu5pzG9m+2MP/L+hVl1/FM6rIi1GL1UVYpRgVb7MxSaVCQmjrgwkg3KxNjbrgg14zvOgj/brwJ0WX7ph0+BFCHUziDCwjhCm7hHjoQgYAUXuDNG3uv3vuqqpq37uwEfsn7+AaqKYoN</latexit><latexit sha1_base64="QmMlEUA6KVFT6sD1CwY6b4SJWSM=">AAACBXicbZBPS8MwGMbf+nfOqdWrl+AQdhrtLupBELx4nGDdYC0jTdMtLE1Lkg5G6Vfw4lfx4kHFr+DNb2PW7aCbLwQenid537y/MONMacf5tjY2t7Z3dmt79f3GweGRfdx4VGkuCfVIylPZD7GinAnqaaY57WeS4iTktBdObud5b0qlYql40LOMBgkeCRYzgrWxhnbLn2Kpx1RjdI38WGJSdKKy8LlpEeHSV0z4VTy0m07bqQqtC3cpmrCs7tD+8qOU5AkVmnCs1MB1Mh0UZhojnJZ1P1c0w2SCR3RgpMAJVUFRbVSic+NEKE6lOUKjyv39osCJUrMkNDcTrMdqNZub/2WDXMeXQcFElmsqyGJQnHOkUzTHgyImKdF8ZgQmkpm/IjLGBos2EOsGgru68rrwOu2rtnvvQA1O4Qxa4MIF3MAddMEDAk/wAm/wbj1br9bHgtaGtcR2An/K+vwBotScHw==</latexit><latexit sha1_base64="QmMlEUA6KVFT6sD1CwY6b4SJWSM=">AAACBXicbZBPS8MwGMbf+nfOqdWrl+AQdhrtLupBELx4nGDdYC0jTdMtLE1Lkg5G6Vfw4lfx4kHFr+DNb2PW7aCbLwQenid537y/MONMacf5tjY2t7Z3dmt79f3GweGRfdx4VGkuCfVIylPZD7GinAnqaaY57WeS4iTktBdObud5b0qlYql40LOMBgkeCRYzgrWxhnbLn2Kpx1RjdI38WGJSdKKy8LlpEeHSV0z4VTy0m07bqQqtC3cpmrCs7tD+8qOU5AkVmnCs1MB1Mh0UZhojnJZ1P1c0w2SCR3RgpMAJVUFRbVSic+NEKE6lOUKjyv39osCJUrMkNDcTrMdqNZub/2WDXMeXQcFElmsqyGJQnHOkUzTHgyImKdF8ZgQmkpm/IjLGBos2EOsGgru68rrwOu2rtnvvQA1O4Qxa4MIF3MAddMEDAk/wAm/wbj1br9bHgtaGtcR2An/K+vwBotScHw==</latexit><latexit sha1_base64="UnNsk2sgSCHTTGEtQS5T8T/mEw4=">AAACEHicbVC7TsMwFHXKq5RXgZHFokLqVCVdgAGpgoWxSIRWaqLKcZzWquNE9k2lKuovsPArLAyAWBnZ+BvctAO0HMnS0Tn34XuCVHANtv1tldbWNza3ytuVnd29/YPq4dGDTjJFmUsTkahuQDQTXDIXOAjWTRUjcSBYJxjdzPzOmCnNE3kPk5T5MRlIHnFKwEj9at0bEwVDBgRfYS9ShObNcJp7wowIydTTXHqF3a/W7IZdAK8SZ0FqaIF2v/rlhQnNYiaBCqJ1z7FT8HOzjVPBphUv0ywldEQGrGeoJDHTfl5cNMVnRglxlCjzJOBC/d2Rk1jrSRyYypjAUC97M/E/r5dBdOHnXKYZMEnni6JMYEjwLB4ccsUoiIkhhCpu/orpkJhYwIRYMSE4yyevErfZuGw4d3atdb1Io4xO0CmqIwedoxa6RW3kIooe0TN6RW/Wk/VivVsf89KSteg5Rn9gff4AZa2dlg==</latexit><latexit sha1_base64="TEjNTBmeeoQng7+OU6k684qAZKU=">AAACEHicbVDLSsNAFJ3UV62vqks3g0XoqiRFUBdC0Y3LCsYKTSg3k0k7dDIJM5NCCf0FN/6KGxcqbl2682+ctllo64GBwzn3MfcEKWdK2/a3VVpZXVvfKG9WtrZ3dveq+wf3KskkoS5JeCIfAlCUM0FdzTSnD6mkEAecdoLh9dTvjKhULBF3epxSP4a+YBEjoI3Uq9a9EUg9oBrwJfYiCSRvhpPc42ZECBNPMeHN7F61ZjfsGfAycQpSQwXaveqXFyYki6nQhINSXcdOtZ+bbYxwOql4maIpkCH0addQATFVfj67aIJPjBLiKJHmCY1n6u+OHGKlxnFgKmPQA7XoTcX/vG6mo3M/ZyLNNBVkvijKONYJnsaDQyYp0XxsCBDJzF8xGYCJRZsQKyYEZ/HkZeI2GxcN5/a01roq0iijI3SM6shBZ6iFblAbuYigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fZu2dmg==</latexit><latexit sha1_base64="TEjNTBmeeoQng7+OU6k684qAZKU=">AAACEHicbVDLSsNAFJ3UV62vqks3g0XoqiRFUBdC0Y3LCsYKTSg3k0k7dDIJM5NCCf0FN/6KGxcqbl2682+ctllo64GBwzn3MfcEKWdK2/a3VVpZXVvfKG9WtrZ3dveq+wf3KskkoS5JeCIfAlCUM0FdzTSnD6mkEAecdoLh9dTvjKhULBF3epxSP4a+YBEjoI3Uq9a9EUg9oBrwJfYiCSRvhpPc42ZECBNPMeHN7F61ZjfsGfAycQpSQwXaveqXFyYki6nQhINSXcdOtZ+bbYxwOql4maIpkCH0addQATFVfj67aIJPjBLiKJHmCY1n6u+OHGKlxnFgKmPQA7XoTcX/vG6mo3M/ZyLNNBVkvijKONYJnsaDQyYp0XxsCBDJzF8xGYCJRZsQKyYEZ/HkZeI2GxcN5/a01roq0iijI3SM6shBZ6iFblAbuYigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fZu2dmg==</latexit><latexit sha1_base64="TEjNTBmeeoQng7+OU6k684qAZKU=">AAACEHicbVDLSsNAFJ3UV62vqks3g0XoqiRFUBdC0Y3LCsYKTSg3k0k7dDIJM5NCCf0FN/6KGxcqbl2682+ctllo64GBwzn3MfcEKWdK2/a3VVpZXVvfKG9WtrZ3dveq+wf3KskkoS5JeCIfAlCUM0FdzTSnD6mkEAecdoLh9dTvjKhULBF3epxSP4a+YBEjoI3Uq9a9EUg9oBrwJfYiCSRvhpPc42ZECBNPMeHN7F61ZjfsGfAycQpSQwXaveqXFyYki6nQhINSXcdOtZ+bbYxwOql4maIpkCH0addQATFVfj67aIJPjBLiKJHmCY1n6u+OHGKlxnFgKmPQA7XoTcX/vG6mo3M/ZyLNNBVkvijKONYJnsaDQyYp0XxsCBDJzF8xGYCJRZsQKyYEZ/HkZeI2GxcN5/a01roq0iijI3SM6shBZ6iFblAbuYigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fZu2dmg==</latexit><latexit sha1_base64="TEjNTBmeeoQng7+OU6k684qAZKU=">AAACEHicbVDLSsNAFJ3UV62vqks3g0XoqiRFUBdC0Y3LCsYKTSg3k0k7dDIJM5NCCf0FN/6KGxcqbl2682+ctllo64GBwzn3MfcEKWdK2/a3VVpZXVvfKG9WtrZ3dveq+wf3KskkoS5JeCIfAlCUM0FdzTSnD6mkEAecdoLh9dTvjKhULBF3epxSP4a+YBEjoI3Uq9a9EUg9oBrwJfYiCSRvhpPc42ZECBNPMeHN7F61ZjfsGfAycQpSQwXaveqXFyYki6nQhINSXcdOtZ+bbYxwOql4maIpkCH0addQATFVfj67aIJPjBLiKJHmCY1n6u+OHGKlxnFgKmPQA7XoTcX/vG6mo3M/ZyLNNBVkvijKONYJnsaDQyYp0XxsCBDJzF8xGYCJRZsQKyYEZ/HkZeI2GxcN5/a01roq0iijI3SM6shBZ6iFblAbuYigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fZu2dmg==</latexit><latexit sha1_base64="TEjNTBmeeoQng7+OU6k684qAZKU=">AAACEHicbVDLSsNAFJ3UV62vqks3g0XoqiRFUBdC0Y3LCsYKTSg3k0k7dDIJM5NCCf0FN/6KGxcqbl2682+ctllo64GBwzn3MfcEKWdK2/a3VVpZXVvfKG9WtrZ3dveq+wf3KskkoS5JeCIfAlCUM0FdzTSnD6mkEAecdoLh9dTvjKhULBF3epxSP4a+YBEjoI3Uq9a9EUg9oBrwJfYiCSRvhpPc42ZECBNPMeHN7F61ZjfsGfAycQpSQwXaveqXFyYki6nQhINSXcdOtZ+bbYxwOql4maIpkCH0addQATFVfj67aIJPjBLiKJHmCY1n6u+OHGKlxnFgKmPQA7XoTcX/vG6mo3M/ZyLNNBVkvijKONYJnsaDQyYp0XxsCBDJzF8xGYCJRZsQKyYEZ/HkZeI2GxcN5/a01roq0iijI3SM6shBZ6iFblAbuYigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fZu2dmg==</latexit><latexit sha1_base64="TEjNTBmeeoQng7+OU6k684qAZKU=">AAACEHicbVDLSsNAFJ3UV62vqks3g0XoqiRFUBdC0Y3LCsYKTSg3k0k7dDIJM5NCCf0FN/6KGxcqbl2682+ctllo64GBwzn3MfcEKWdK2/a3VVpZXVvfKG9WtrZ3dveq+wf3KskkoS5JeCIfAlCUM0FdzTSnD6mkEAecdoLh9dTvjKhULBF3epxSP4a+YBEjoI3Uq9a9EUg9oBrwJfYiCSRvhpPc42ZECBNPMeHN7F61ZjfsGfAycQpSQwXaveqXFyYki6nQhINSXcdOtZ+bbYxwOql4maIpkCH0addQATFVfj67aIJPjBLiKJHmCY1n6u+OHGKlxnFgKmPQA7XoTcX/vG6mo3M/ZyLNNBVkvijKONYJnsaDQyYp0XxsCBDJzF8xGYCJRZsQKyYEZ/HkZeI2GxcN5/a01roq0iijI3SM6shBZ6iFblAbuYigR/SMXtGb9WS9WO/Wx7y0ZBU9h+gPrM8fZu2dmg==</latexit>

and 

*ARV for uniform linear array (ULA)
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q Maximizing mutual information  
§ Maximum MI problem: 
• Assume semi-unitary constraint:
• No constant modulus constraint on analog combiner

P1 : Wopt
RF = argmax

WRF

C(WRF), s.t. WH

RFWRF = I.
<latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="19ZRl5pcLWGNdlsKhzGen/YeBkA="></latexit><latexit sha1_base64="19ZRl5pcLWGNdlsKhzGen/YeBkA="></latexit><latexit sha1_base64="2LyEISNoLLRCYHcLHbOtXgr8kNU="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit>

C(WRF) , I(s;yq)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

q Optimal scaling law with respect to number of RF chains NRF

: matrix of left singular vectors  

Theorem 1:  Optimal scaling law

C(Wopt
RF ) ⇠ Nu log2 NRF

<latexit sha1_base64="+cSeEljK7bENxdjFiUS6rP3oBzI="></latexit><latexit sha1_base64="+cSeEljK7bENxdjFiUS6rP3oBzI="></latexit><latexit sha1_base64="+cSeEljK7bENxdjFiUS6rP3oBzI="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="5UpQI3BYGH/NQh9SW6vueq3cxEw=">AAACIXicbZBLSwMxFIXv+La+RrdugkXQTZlxo0uhIK5ExT6gU4dMmmlDk8mQZIQyzA9y418RxIVF/C9m2graeiHwcc4NyTlRypk2njd2lpZXVtfWNzYrW9s7u3vu/nZTy0wR2iCSS9WOsKacJbRhmOG0nSqKRcRpKxrWS7/1RJVmMnkwo5R2Be4nLGYEGyuFbh0FApsBwTyvFyd5EMWoVYR5oAS6vyoeJyBTU5yiQDOBbsIMBVz2wzOLP1uhW/Vq3mTQIvgzqMJsbkP3LehJkgmaGMKx1h3fS003x8owwmlRCTJNU0yGuE87FhMsqO7mk7AFOrZKD8VS2ZMYNFF/38ix0HokIrtZJtPzXin+53UyE190c5akmaEJmT4UZxwZicrmUI8pSgwfWcBEMftXRAZYYWJsvxVbgj8feRGaZzXf8p0HG3AIR3ACPpzDJVzDLTSAwDO8wgeMnRfn3fmc1rXkzHo7gD/jfH0DVmClgw==</latexit><latexit sha1_base64="5UpQI3BYGH/NQh9SW6vueq3cxEw=">AAACIXicbZBLSwMxFIXv+La+RrdugkXQTZlxo0uhIK5ExT6gU4dMmmlDk8mQZIQyzA9y418RxIVF/C9m2graeiHwcc4NyTlRypk2njd2lpZXVtfWNzYrW9s7u3vu/nZTy0wR2iCSS9WOsKacJbRhmOG0nSqKRcRpKxrWS7/1RJVmMnkwo5R2Be4nLGYEGyuFbh0FApsBwTyvFyd5EMWoVYR5oAS6vyoeJyBTU5yiQDOBbsIMBVz2wzOLP1uhW/Vq3mTQIvgzqMJsbkP3LehJkgmaGMKx1h3fS003x8owwmlRCTJNU0yGuE87FhMsqO7mk7AFOrZKD8VS2ZMYNFF/38ix0HokIrtZJtPzXin+53UyE190c5akmaEJmT4UZxwZicrmUI8pSgwfWcBEMftXRAZYYWJsvxVbgj8feRGaZzXf8p0HG3AIR3ACPpzDJVzDLTSAwDO8wgeMnRfn3fmc1rXkzHo7gD/jfH0DVmClgw==</latexit><latexit sha1_base64="ZcJ5dL2f98d8ajN03aL2PaNZH00="></latexit><latexit sha1_base64="+cSeEljK7bENxdjFiUS6rP3oBzI="></latexit><latexit sha1_base64="+cSeEljK7bENxdjFiUS6rP3oBzI="></latexit><latexit sha1_base64="+cSeEljK7bENxdjFiUS6rP3oBzI="></latexit><latexit sha1_base64="+cSeEljK7bENxdjFiUS6rP3oBzI="></latexit><latexit sha1_base64="+cSeEljK7bENxdjFiUS6rP3oBzI="></latexit><latexit sha1_base64="+cSeEljK7bENxdjFiUS6rP3oBzI="></latexit>

It can be also achieved by using following two-stage combiners:

Optimal solution to achieves following scaling law with respect to number of RF chains:

(i) W?
RF1

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

(ii) W?
RF2

<latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="YEHk54xd3yQnO3+GI/ynFrpyjWU=">AAAB/nicbZDNS8MwGMbfzq85p1avXoJDmJfR7qJHQRCPU9wHrLWkWbqFpWlJUmGUevTiv+LFgyL+Gd78b8w+Drr5QODH8yS8eZ8w5Uxpx/m2SmvrG5tb5e3KTnV3b98+qHZUkklC2yThieyFWFHOBG1rpjntpZLiOOS0G44vp3n3gUrFEnGnJyn1YzwULGIEa2MFNqozdvqYe2GEukWQ556M0e1VETSLe09pLFFg15yGMxNaBXcBNVioFdhf3iAhWUyFJhwr1XedVPs5lpoRTouKlymaYjLGQ9o3KHBMlZ/PNinQiXEGKEqkOUKjmfv7RY5jpSZxaG7GWI/UcjY1/8v6mY7O/ZyJNNNUkPmgKONIJ2haCxowSYnmEwOYSGb+isgIS0y0Ka9iSnCXV16FTrPhGr5xoAxHcAx1cOEMLuAaWtAGAk/wAm/wbj1br9bHvK6StejtEP7I+vwB14WYEg==</latexit><latexit sha1_base64="YEHk54xd3yQnO3+GI/ynFrpyjWU=">AAAB/nicbZDNS8MwGMbfzq85p1avXoJDmJfR7qJHQRCPU9wHrLWkWbqFpWlJUmGUevTiv+LFgyL+Gd78b8w+Drr5QODH8yS8eZ8w5Uxpx/m2SmvrG5tb5e3KTnV3b98+qHZUkklC2yThieyFWFHOBG1rpjntpZLiOOS0G44vp3n3gUrFEnGnJyn1YzwULGIEa2MFNqozdvqYe2GEukWQ556M0e1VETSLe09pLFFg15yGMxNaBXcBNVioFdhf3iAhWUyFJhwr1XedVPs5lpoRTouKlymaYjLGQ9o3KHBMlZ/PNinQiXEGKEqkOUKjmfv7RY5jpSZxaG7GWI/UcjY1/8v6mY7O/ZyJNNNUkPmgKONIJ2haCxowSYnmEwOYSGb+isgIS0y0Ka9iSnCXV16FTrPhGr5xoAxHcAx1cOEMLuAaWtAGAk/wAm/wbj1br9bHvK6StejtEP7I+vwB14WYEg==</latexit><latexit sha1_base64="2jZ25m3ccX07CKscTFdWf5kGC+c=">AAACCXicbZC7TsMwFIYdrqXcAowsFhVSWaqkC4wVSIixIHqRmhA5rtNatZ3IdpCqKIwsvAoLAwix8gZsvA1umwFafsnSp/+co+PzhwmjSjvOt7W0vLK6tl7aKG9ube/s2nv7bRWnEpMWjlksuyFShFFBWppqRrqJJIiHjHTC0cWk3rknUtFY3OpxQnyOBoJGFCNtrMCGVUpPHjIvjGAnD7LMkxzeXOZBPb/zlEYSBnbFqTlTwUVwC6iAQs3A/vL6MU45ERozpFTPdRLtZ0hqihnJy16qSILwCA1Iz6BAnCg/m16Sw2Pj9GEUS/OEhlP390SGuFJjHppOjvRQzdcm5n+1XqqjMz+jIkk1EXi2KEoZ1DGcxAL7VBKs2dgAwpKav0I8RBJhbcIrmxDc+ZMXoV2vuYavnUrjvIijBA7BEagCF5yCBrgCTdACGDyCZ/AK3qwn68V6tz5mrUtWMXMA/sj6/AFu+pmC</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit><latexit sha1_base64="ddujz6aN1c3VrlGWqDMR/dBG/xI=">AAACCXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMFEGXRUFcVrEX6IxDJs20oUlmSDJCGcalG1/FjQtF3PoG7nwb08tCW38IfPznHE7OHyaMKu0431ZhaXllda24XtrY3NresXf3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4txvX1PpKKxuNWjhPgc9QWNKEbaWIENK5QeP2ReGMF2HmSZJzm8ucyDWn7nKY0kDOyyU3UmgovgzqAMZmoE9pfXi3HKidCYIaW6rpNoP0NSU8xIXvJSRRKEh6hPugYF4kT52eSSHB4ZpwejWJonNJy4vycyxJUa8dB0cqQHar42Nv+rdVMdnfkZFUmqicDTRVHKoI7hOBbYo5JgzUYGEJbU/BXiAZIIaxNeyYTgzp+8CK1a1TV8fVKun8/iKIIDcAgqwAWnoA6uQAM0AQaP4Bm8gjfryXqx3q2PaWvBms3sgz+yPn8AcDqZhg==</latexit>

: any NRF x NRF unitary matrix with constant modulus

: conventional optimal solution for perfect quantization systems

P1 : Wopt
RF = argmax

WRF

C(WRF), s.t. WH

RFWRF = I.
<latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="19ZRl5pcLWGNdlsKhzGen/YeBkA="></latexit><latexit sha1_base64="19ZRl5pcLWGNdlsKhzGen/YeBkA="></latexit><latexit sha1_base64="2LyEISNoLLRCYHcLHbOtXgr8kNU="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit><latexit sha1_base64="rw7NqPR3imgJP6SpIm2SBfdtzDY="></latexit>
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q Optimal scaling law with respect to number of RF chains NRF

Corollary 1: Upper bound for conventional solution

C
�
Wcv

RF

�
< Cub

svd = Nu log2

✓
1 +

↵b

1� ↵b

◆

<latexit sha1_base64="OKjd/2DQ06/T6YTc+4mJMn/CUeg="></latexit><latexit sha1_base64="OKjd/2DQ06/T6YTc+4mJMn/CUeg="></latexit><latexit sha1_base64="OKjd/2DQ06/T6YTc+4mJMn/CUeg="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="Tufp0RW8TfLEDr72fxbNJVNTYi0="></latexit><latexit sha1_base64="Tufp0RW8TfLEDr72fxbNJVNTYi0="></latexit><latexit sha1_base64="AGhyatvXzFLBX8i9gIkPYwTwL40="></latexit><latexit sha1_base64="OKjd/2DQ06/T6YTc+4mJMn/CUeg="></latexit><latexit sha1_base64="OKjd/2DQ06/T6YTc+4mJMn/CUeg="></latexit><latexit sha1_base64="OKjd/2DQ06/T6YTc+4mJMn/CUeg="></latexit><latexit sha1_base64="OKjd/2DQ06/T6YTc+4mJMn/CUeg="></latexit><latexit sha1_base64="OKjd/2DQ06/T6YTc+4mJMn/CUeg="></latexit><latexit sha1_base64="OKjd/2DQ06/T6YTc+4mJMn/CUeg="></latexit>

Captures channel gains:
Nu largest singular values 

Increases quantization noise:
Large gains on a few ADCsVS.

Wcv
RF = [U1:NuU?]

<latexit sha1_base64="/O0tR6ZdN+8/goD49w2WY96ATkQ=">AAACJnicbZBdS8MwFIbT+TXnV9VLb4JD8Gq0IijCYCiIVzLFboO1ljRLt7D0gyQdjNJf441/xRsvJiLe+VPMugq6eSDw5H3PITmvFzMqpGF8aqWl5ZXVtfJ6ZWNza3tH391riSjhmFg4YhHveEgQRkNiSSoZ6cScoMBjpO0Nr6Z+e0S4oFH4IMcxcQLUD6lPMZJKcvV6ans+bGdumto8gPfXWfaYEx5lsA67uW0p27y4dZMM/tztmPDYcfWqUTPygotgFlAFRTVdfWL3IpwEJJSYISG6phFLJ0VcUsxIVrETQWKEh6hPugpDFBDhpPmaGTxSSg/6EVcnlDBXf0+kKBBiHHiqM0ByIOa9qfif102kf+6kNIwTSUI8e8hPGJQRnGYGe5QTLNlYAcKcqr9CPEAcYamSragQzPmVF6F1UjMV351WG5dFHGVwAA7BMTDBGWiAG9AEFsDgCbyACXjTnrVX7V37mLWWtGJmH/wp7esbmnClOQ==</latexit><latexit sha1_base64="/O0tR6ZdN+8/goD49w2WY96ATkQ=">AAACJnicbZBdS8MwFIbT+TXnV9VLb4JD8Gq0IijCYCiIVzLFboO1ljRLt7D0gyQdjNJf441/xRsvJiLe+VPMugq6eSDw5H3PITmvFzMqpGF8aqWl5ZXVtfJ6ZWNza3tH391riSjhmFg4YhHveEgQRkNiSSoZ6cScoMBjpO0Nr6Z+e0S4oFH4IMcxcQLUD6lPMZJKcvV6ans+bGdumto8gPfXWfaYEx5lsA67uW0p27y4dZMM/tztmPDYcfWqUTPygotgFlAFRTVdfWL3IpwEJJSYISG6phFLJ0VcUsxIVrETQWKEh6hPugpDFBDhpPmaGTxSSg/6EVcnlDBXf0+kKBBiHHiqM0ByIOa9qfif102kf+6kNIwTSUI8e8hPGJQRnGYGe5QTLNlYAcKcqr9CPEAcYamSragQzPmVF6F1UjMV351WG5dFHGVwAA7BMTDBGWiAG9AEFsDgCbyACXjTnrVX7V37mLWWtGJmH/wp7esbmnClOQ==</latexit><latexit sha1_base64="/O0tR6ZdN+8/goD49w2WY96ATkQ=">AAACJnicbZBdS8MwFIbT+TXnV9VLb4JD8Gq0IijCYCiIVzLFboO1ljRLt7D0gyQdjNJf441/xRsvJiLe+VPMugq6eSDw5H3PITmvFzMqpGF8aqWl5ZXVtfJ6ZWNza3tH391riSjhmFg4YhHveEgQRkNiSSoZ6cScoMBjpO0Nr6Z+e0S4oFH4IMcxcQLUD6lPMZJKcvV6ans+bGdumto8gPfXWfaYEx5lsA67uW0p27y4dZMM/tztmPDYcfWqUTPygotgFlAFRTVdfWL3IpwEJJSYISG6phFLJ0VcUsxIVrETQWKEh6hPugpDFBDhpPmaGTxSSg/6EVcnlDBXf0+kKBBiHHiqM0ByIOa9qfif102kf+6kNIwTSUI8e8hPGJQRnGYGe5QTLNlYAcKcqr9CPEAcYamSragQzPmVF6F1UjMV351WG5dFHGVwAA7BMTDBGWiAG9AEFsDgCbyACXjTnrVX7V37mLWWtGJmH/wp7esbmnClOQ==</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="vZuL1/3vRU+tlOtbxxr29OcjFdo=">AAACG3icbZBNS8MwHMb/nW9zTq1evQSH4Gm0XhRhIAjiSaa4F1hrSbN0C0tfSNLBKP00XvwqXjxMRPw2Zt0E3Xwg8MvzJCT/x084k8qyvozS2vrG5lZ5u7JT3d3bNw+qbRmngtAWiXksuj6WlLOIthRTnHYTQXHoc9rxR9ezvDOmQrI4elSThLohHkQsYAQrbXlmI3P8AHVyL8scEaKHmzx/KoiMc9RAvSJu6di+vPPSHP3snYSKxPXMmlW3CqFVsBdQg4Wanjl1+jFJQxopwrGUPdtKlJthoRjhNK84qaQJJiM8oD2NEQ6pdLNizBydaKePgljoFSlUuL9vZDiUchL6+mSI1VAuZzPzv6yXquDCzViUpIpGZP5QkHKkYjTrDPWZoETxiQZMBNN/RWSIBSZKN1vRJdjLI69C+6xua763oAxHcAynYMM5XMEtNKEFBJ7hFabwbrwYb8bHvK6SsejtEP7I+PwGhkCjqA==</latexit><latexit sha1_base64="vZuL1/3vRU+tlOtbxxr29OcjFdo=">AAACG3icbZBNS8MwHMb/nW9zTq1evQSH4Gm0XhRhIAjiSaa4F1hrSbN0C0tfSNLBKP00XvwqXjxMRPw2Zt0E3Xwg8MvzJCT/x084k8qyvozS2vrG5lZ5u7JT3d3bNw+qbRmngtAWiXksuj6WlLOIthRTnHYTQXHoc9rxR9ezvDOmQrI4elSThLohHkQsYAQrbXlmI3P8AHVyL8scEaKHmzx/KoiMc9RAvSJu6di+vPPSHP3snYSKxPXMmlW3CqFVsBdQg4Wanjl1+jFJQxopwrGUPdtKlJthoRjhNK84qaQJJiM8oD2NEQ6pdLNizBydaKePgljoFSlUuL9vZDiUchL6+mSI1VAuZzPzv6yXquDCzViUpIpGZP5QkHKkYjTrDPWZoETxiQZMBNN/RWSIBSZKN1vRJdjLI69C+6xua763oAxHcAynYMM5XMEtNKEFBJ7hFabwbrwYb8bHvK6SsejtEP7I+PwGhkCjqA==</latexit><latexit sha1_base64="ylr3Ji+FEKQwk6l4IkA1A12xstw=">AAACJnicbZBNS8MwGMfT+TbnW9Wjl+AQPI3WiyIMhoJ4kinWDdpa0izdwtIXknQwSj+NF7+KFw8TEW9+FLOugm4+EPjl/38ekufvJ4wKaRifWmVpeWV1rbpe29jc2t7Rd/ceRJxyTCwcs5h3fSQIoxGxJJWMdBNOUOgz0vGHl1O/MyJc0Di6l+OEuCHqRzSgGEkleXozc/wAdnIvyxwewrurPH8sCI9y2IR2YVvKNs9vvDSHP3cnITxxPb1uNIyi4CKYJdRBWW1Pnzi9GKchiSRmSAjbNBLpZohLihnJa04qSILwEPWJrTBCIRFuVqyZwyOl9GAQc3UiCQv190SGQiHGoa86QyQHYt6biv95diqDMzejUZJKEuHZQ0HKoIzhNDPYo5xgycYKEOZU/RXiAeIIS5VsTYVgzq+8CA8nDVPxrVFvXZRxVMEBOATHwASnoAWuQRtYAIMn8AIm4E171l61d+1j1lrRypl98Ke0r2+ZMKU1</latexit><latexit sha1_base64="/O0tR6ZdN+8/goD49w2WY96ATkQ=">AAACJnicbZBdS8MwFIbT+TXnV9VLb4JD8Gq0IijCYCiIVzLFboO1ljRLt7D0gyQdjNJf441/xRsvJiLe+VPMugq6eSDw5H3PITmvFzMqpGF8aqWl5ZXVtfJ6ZWNza3tH391riSjhmFg4YhHveEgQRkNiSSoZ6cScoMBjpO0Nr6Z+e0S4oFH4IMcxcQLUD6lPMZJKcvV6ans+bGdumto8gPfXWfaYEx5lsA67uW0p27y4dZMM/tztmPDYcfWqUTPygotgFlAFRTVdfWL3IpwEJJSYISG6phFLJ0VcUsxIVrETQWKEh6hPugpDFBDhpPmaGTxSSg/6EVcnlDBXf0+kKBBiHHiqM0ByIOa9qfif102kf+6kNIwTSUI8e8hPGJQRnGYGe5QTLNlYAcKcqr9CPEAcYamSragQzPmVF6F1UjMV351WG5dFHGVwAA7BMTDBGWiAG9AEFsDgCbyACXjTnrVX7V37mLWWtGJmH/wp7esbmnClOQ==</latexit><latexit sha1_base64="/O0tR6ZdN+8/goD49w2WY96ATkQ=">AAACJnicbZBdS8MwFIbT+TXnV9VLb4JD8Gq0IijCYCiIVzLFboO1ljRLt7D0gyQdjNJf441/xRsvJiLe+VPMugq6eSDw5H3PITmvFzMqpGF8aqWl5ZXVtfJ6ZWNza3tH391riSjhmFg4YhHveEgQRkNiSSoZ6cScoMBjpO0Nr6Z+e0S4oFH4IMcxcQLUD6lPMZJKcvV6ans+bGdumto8gPfXWfaYEx5lsA67uW0p27y4dZMM/tztmPDYcfWqUTPygotgFlAFRTVdfWL3IpwEJJSYISG6phFLJ0VcUsxIVrETQWKEh6hPugpDFBDhpPmaGTxSSg/6EVcnlDBXf0+kKBBiHHiqM0ByIOa9qfif102kf+6kNIwTSUI8e8hPGJQRnGYGe5QTLNlYAcKcqr9CPEAcYamSragQzPmVF6F1UjMV351WG5dFHGVwAA7BMTDBGWiAG9AEFsDgCbyACXjTnrVX7V37mLWWtGJmH/wp7esbmnClOQ==</latexit><latexit sha1_base64="/O0tR6ZdN+8/goD49w2WY96ATkQ=">AAACJnicbZBdS8MwFIbT+TXnV9VLb4JD8Gq0IijCYCiIVzLFboO1ljRLt7D0gyQdjNJf441/xRsvJiLe+VPMugq6eSDw5H3PITmvFzMqpGF8aqWl5ZXVtfJ6ZWNza3tH391riSjhmFg4YhHveEgQRkNiSSoZ6cScoMBjpO0Nr6Z+e0S4oFH4IMcxcQLUD6lPMZJKcvV6ans+bGdumto8gPfXWfaYEx5lsA67uW0p27y4dZMM/tztmPDYcfWqUTPygotgFlAFRTVdfWL3IpwEJJSYISG6phFLJ0VcUsxIVrETQWKEh6hPugpDFBDhpPmaGTxSSg/6EVcnlDBXf0+kKBBiHHiqM0ByIOa9qfif102kf+6kNIwTSUI8e8hPGJQRnGYGe5QTLNlYAcKcqr9CPEAcYamSragQzPmVF6F1UjMV351WG5dFHGVwAA7BMTDBGWiAG9AEFsDgCbyACXjTnrVX7V37mLWWtGJmH/wp7esbmnClOQ==</latexit><latexit sha1_base64="/O0tR6ZdN+8/goD49w2WY96ATkQ=">AAACJnicbZBdS8MwFIbT+TXnV9VLb4JD8Gq0IijCYCiIVzLFboO1ljRLt7D0gyQdjNJf441/xRsvJiLe+VPMugq6eSDw5H3PITmvFzMqpGF8aqWl5ZXVtfJ6ZWNza3tH391riSjhmFg4YhHveEgQRkNiSSoZ6cScoMBjpO0Nr6Z+e0S4oFH4IMcxcQLUD6lPMZJKcvV6ans+bGdumto8gPfXWfaYEx5lsA67uW0p27y4dZMM/tztmPDYcfWqUTPygotgFlAFRTVdfWL3IpwEJJSYISG6phFLJ0VcUsxIVrETQWKEh6hPugpDFBDhpPmaGTxSSg/6EVcnlDBXf0+kKBBiHHiqM0ByIOa9qfif102kf+6kNIwTSUI8e8hPGJQRnGYGe5QTLNlYAcKcqr9CPEAcYamSragQzPmVF6F1UjMV351WG5dFHGVwAA7BMTDBGWiAG9AEFsDgCbyACXjTnrVX7V37mLWWtGJmH/wp7esbmnClOQ==</latexit><latexit sha1_base64="/O0tR6ZdN+8/goD49w2WY96ATkQ=">AAACJnicbZBdS8MwFIbT+TXnV9VLb4JD8Gq0IijCYCiIVzLFboO1ljRLt7D0gyQdjNJf441/xRsvJiLe+VPMugq6eSDw5H3PITmvFzMqpGF8aqWl5ZXVtfJ6ZWNza3tH391riSjhmFg4YhHveEgQRkNiSSoZ6cScoMBjpO0Nr6Z+e0S4oFH4IMcxcQLUD6lPMZJKcvV6ans+bGdumto8gPfXWfaYEx5lsA67uW0p27y4dZMM/tztmPDYcfWqUTPygotgFlAFRTVdfWL3IpwEJJSYISG6phFLJ0VcUsxIVrETQWKEh6hPugpDFBDhpPmaGTxSSg/6EVcnlDBXf0+kKBBiHHiqM0ByIOa9qfif102kf+6kNIwTSUI8e8hPGJQRnGYGe5QTLNlYAcKcqr9CPEAcYamSragQzPmVF6F1UjMV351WG5dFHGVwAA7BMTDBGWiAG9AEFsDgCbyACXjTnrVX7V37mLWWtGJmH/wp7esbmnClOQ==</latexit><latexit sha1_base64="/O0tR6ZdN+8/goD49w2WY96ATkQ=">AAACJnicbZBdS8MwFIbT+TXnV9VLb4JD8Gq0IijCYCiIVzLFboO1ljRLt7D0gyQdjNJf441/xRsvJiLe+VPMugq6eSDw5H3PITmvFzMqpGF8aqWl5ZXVtfJ6ZWNza3tH391riSjhmFg4YhHveEgQRkNiSSoZ6cScoMBjpO0Nr6Z+e0S4oFH4IMcxcQLUD6lPMZJKcvV6ans+bGdumto8gPfXWfaYEx5lsA67uW0p27y4dZMM/tztmPDYcfWqUTPygotgFlAFRTVdfWL3IpwEJJSYISG6phFLJ0VcUsxIVrETQWKEh6hPugpDFBDhpPmaGTxSSg/6EVcnlDBXf0+kKBBiHHiqM0ByIOa9qfif102kf+6kNIwTSUI8e8hPGJQRnGYGe5QTLNlYAcKcqr9CPEAcYamSragQzPmVF6F1UjMV351WG5dFHGVwAA7BMTDBGWiAG9AEFsDgCbyACXjTnrVX7V37mLWWtGJmH/wp7esbmnClOQ==</latexit>

Conventional optimal solution                              for perfect quantization 
systems cannot achieve optimal scaling law in coarse quantization systems.
It is upper bounded by quantization gain  < 1 

Second analog combiner WRF2 in Theorem 1 resolves quantization noise enhancement
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q Optimal MI for special case : Homogeneous channel singular values

Theorem 2: Maximum Mutual Information

W?
RF = argmax

WRF

C(WRF)
<latexit sha1_base64="0WW3gE+HFo4g+yG58HBDebx3nbA="></latexit><latexit sha1_base64="0WW3gE+HFo4g+yG58HBDebx3nbA="></latexit><latexit sha1_base64="0WW3gE+HFo4g+yG58HBDebx3nbA="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="p464sK3UMfGUZjBVNGEWrkzfBgk=">AAACL3icbZA9SwNBEIbn4leMUU9bm8UgxCbc2WgjCAGxjGJMIBePuc1esmTvg909MRz3u2z8FXYWNhaK+CfcxBQaHVh4eN9ZZuYNUsGVdpxnq7S0vLK6Vl6vbFQ3t7btneqNSjJJWZsmIpHdABUTPGZtzbVg3VQyjALBOsG4OfU7d0wqnsTXepKyfoTDmIecojaSb1/mXhCSTuHnnozI1Xlx6ymNkpwSD+XQi/DezxdbCiPrEUWRN4v6onno2zWn4cyK/AV3DjWYV8u3n7xBQrOIxZoKVKrnOqnu5yg1p4IVFS9TLEU6xiHrGYwxYqqfz04vyIFRBiRMpHmxJjP1548cI6UmUWA6p0urRW8q/uf1Mh2e9HMep5lmMf0eFGaC6IRMcyQDLhnVYmIAqeRmV0JHKJFqk3bFhOAunvwXbo4aruFLB8qwB/tQBxeO4QwuoAVtoPAAL/AG79aj9Wp9fMdVsua57cKvsj6/ANKKrAk=</latexit><latexit sha1_base64="p464sK3UMfGUZjBVNGEWrkzfBgk=">AAACL3icbZA9SwNBEIbn4leMUU9bm8UgxCbc2WgjCAGxjGJMIBePuc1esmTvg909MRz3u2z8FXYWNhaK+CfcxBQaHVh4eN9ZZuYNUsGVdpxnq7S0vLK6Vl6vbFQ3t7btneqNSjJJWZsmIpHdABUTPGZtzbVg3VQyjALBOsG4OfU7d0wqnsTXepKyfoTDmIecojaSb1/mXhCSTuHnnozI1Xlx6ymNkpwSD+XQi/DezxdbCiPrEUWRN4v6onno2zWn4cyK/AV3DjWYV8u3n7xBQrOIxZoKVKrnOqnu5yg1p4IVFS9TLEU6xiHrGYwxYqqfz04vyIFRBiRMpHmxJjP1548cI6UmUWA6p0urRW8q/uf1Mh2e9HMep5lmMf0eFGaC6IRMcyQDLhnVYmIAqeRmV0JHKJFqk3bFhOAunvwXbo4aruFLB8qwB/tQBxeO4QwuoAVtoPAAL/AG79aj9Wp9fMdVsua57cKvsj6/ANKKrAk=</latexit><latexit sha1_base64="y/Civ8SWHYUO6rt3dv/Jah3ngZM=">AAACOnicbVC7SgNBFJ31GeMramkzGITYhF0bbYRgQCwTMQ/IrsvdyWwyZPbBzKwYlv0uG7/CzsLGQhFbP8BJsoUmHhg4nHMuc+/xYs6kMs0XY2l5ZXVtvbBR3Nza3tkt7e23ZZQIQlsk4pHoeiApZyFtKaY47caCQuBx2vFG9YnfuadCsii8VeOYOgEMQuYzAkpLbqmZ2p6PO5mb2iLAN1fZnS0VCHyBbRADO4AHN52PZFpWQwI8rWeVefPELZXNqjkFXiRWTsooR8MtPdv9iCQBDRXhIGXPMmPlpCAUI5xmRTuRNAYyggHtaRpCQKWTTk/P8LFW+tiPhH6hwlP190QKgZTjwNPJydJy3puI/3m9RPnnTsrCOFE0JLOP/IRjFeFJj7jPBCWKjzUBIpjeFZMhCCBKt13UJVjzJy+S9mnV0rxplmuXeR0FdIiOUAVZ6AzV0DVqoBYi6BG9onf0YTwZb8an8TWLLhn5zAH6A+P7Bz74rao=</latexit><latexit sha1_base64="0WW3gE+HFo4g+yG58HBDebx3nbA="></latexit><latexit sha1_base64="0WW3gE+HFo4g+yG58HBDebx3nbA="></latexit><latexit sha1_base64="0WW3gE+HFo4g+yG58HBDebx3nbA="></latexit><latexit sha1_base64="0WW3gE+HFo4g+yG58HBDebx3nbA="></latexit><latexit sha1_base64="0WW3gE+HFo4g+yG58HBDebx3nbA="></latexit><latexit sha1_base64="0WW3gE+HFo4g+yG58HBDebx3nbA="></latexit>

s.t. WH

RFWRF = INRF and �1 = · · · = �Nu = �
<latexit sha1_base64="6fGcfR7zdWjjCfQGMgooigEnPPI="></latexit><latexit sha1_base64="6fGcfR7zdWjjCfQGMgooigEnPPI="></latexit><latexit sha1_base64="6fGcfR7zdWjjCfQGMgooigEnPPI="></latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="NLJkmuzYldxqBPxGeO4aOYgWCS4="></latexit><latexit sha1_base64="NLJkmuzYldxqBPxGeO4aOYgWCS4="></latexit><latexit sha1_base64="P1mJ+WtGAgFwRDkU45GhHJAZ4Nw="></latexit><latexit sha1_base64="6fGcfR7zdWjjCfQGMgooigEnPPI="></latexit><latexit sha1_base64="6fGcfR7zdWjjCfQGMgooigEnPPI="></latexit><latexit sha1_base64="6fGcfR7zdWjjCfQGMgooigEnPPI="></latexit><latexit sha1_base64="6fGcfR7zdWjjCfQGMgooigEnPPI="></latexit><latexit sha1_base64="6fGcfR7zdWjjCfQGMgooigEnPPI="></latexit><latexit sha1_base64="6fGcfR7zdWjjCfQGMgooigEnPPI="></latexit>

Copt , C(W?
RF) = Nu log2

✓
1 +

↵b�NRF

�Nu(1� ↵b) +NRF/⇢

◆
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For homogeneous channel singular value case, two-stage analog 
combining solution in Theorem 1,                               , maximizes MI:W?

RF = W?
RF1

W?
RF2
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Optimal mutual information:

Proposed two-stage analog combining achieves optimal MI for homogeneous massive MIMO
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q Two-stage analog combiner under practical constraints

§ Array response vector-based two-stage analog combining

2nd analog combiner 

: capture max channel gain

: null space projection (for orthogonality)

: AoA codebook

1st analog combiner 
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MI vs. SNR
Figure 5

(Nr = 128 , Nu = 8, b = 2, channel paths = 3) 

q Millimeter wave channels

§ Simulation cases

Infeasible to implement

1) ARV-TSAC: proposed two-stage analog combining

2) ARV: one-stage analog combining 
with                         designed from ARV-TSAC

3) SVD+DFT: two-stage analog combining in Theorem 1
with                           ,

4) SVD: one-stage analog combing with 

5) Greedy-MI: one-stage analog combining 
with greedy-based MI maximization 



SIMULATION RESULTS (cont’d)
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MI vs. NRF (Fixed k = NRF/Nr)MI vs. NRF (Fixed Nr)

Figure 2 Figure 3

(SNR = 0 dB, Nr = 256, Nu = 8, b = 2, paths = 4) (SNR = 0 dB, k = NRF/Nr = 1/3, Nu = 8, b = 2, paths = 4) 
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Proposed receiver architecture

…

+

+

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>
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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>

ŝNu
<latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/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+5q0Vq5w5hD+wPn8AxcCSSA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit><latexit sha1_base64="a8QNwroln7lenXMQzLPV4D6KZ6k=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lFUG9FL56kgrGFNoTNdtMu3Xy4OymUkN/hxYOKV/+MN/+N2zYHbX0w8Hhvhpl5fiKFRtv+tkorq2vrG+XNytb2zu5edf/gUcepYtxhsYxVx6eaSxFxBwVK3kkUp6Evedsf3Uz99pgrLeLoAScJd0M6iEQgGEUjub0hxUznXnbnpblXrdl1ewayTBoFqUGBllf96vVjloY8Qiap1t2GnaCbUYWCSZ5XeqnmCWUjOuBdQyMacu1ms6NzcmKUPgliZSpCMlN/T2Q01HoS+qYzpDjUi95U/M/rphhcupmIkhR5xOaLglQSjMk0AdIXijOUE0MoU8LcStiQKsrQ5FQxITQWX14mzln9qm7fn9ea10UaZTiCYziFBlxAE26hBQ4weIJneIU3a2y9WO/Wx7y1ZBUzh/AH1ucPxwCSTA==</latexit>
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… …

… …

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

+

+

NRF
<latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="YcdVFt98ot6yyYbd7DE1gzjDpd0=">AAAB5XicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnCOJKqji22A4lk95pQ5PMkGSEMvQt3LhQ8ZXc+TamPwttPRD4OCch9544E9xY3//2VlbX1jc2S1vl7crO7l51v/Jo0lwzDFkqUt2KqUHBFYaWW4GtTCOVscBmPLya5M1n1Ian6sGOMowk7SuecEats55uu0VHS3J/Pe5Wa37dn4osQzCHGszV6Fa/Or2U5RKVZYIa0w78zEYF1ZYzgeNyJzeYUTakfWw7VFSiiYrpxGNy7JweSVLtjrJk6v5+UVBpzEjG7qakdmAWs4n5X9bObXIeFVxluUXFZh8luSA2JZP1SY9rZFaMHFCmuZuVsAHVlFlXUtmVECyuvAzhaf2i7t/5UIJDOIITCOAMLuEGGhACAwUv8AbvnvFevY9ZWyvevLYD+CPv8wczbo7u</latexit><latexit sha1_base64="aRAS/+LzrFlE0HyllF1WlfCoYzk=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m8qLeiIJ6kirHFNpTNdtMu3d2E3Y1QQv6FFw8qXv053vw3btsctPXBwOO9GWbmhQln2rjut1NaWl5ZXSuvVzY2t7Z3qrt7DzpOFaE+iXms2iHWlDNJfcMMp+1EUSxCTlvh6HLit56o0iyW92ac0EDggWQRI9hY6fGml3WVQHdXea9ac+vuFGiReAWpQYFmr/rV7cckFVQawrHWHc9NTJBhZRjhNK90U00TTEZ4QDuWSiyoDrLpxTk6skofRbGyJQ2aqr8nMiy0HovQdgpshnrem4j/eZ3URGdBxmSSGirJbFGUcmRiNHkf9ZmixPCxJZgoZm9FZIgVJsaGVLEhePMvLxL/pH5ed2/dWuOiSKMMB3AIx+DBKTTgGprgAwEJz/AKb452Xpx352PWWnKKmX34A+fzB2l9kEU=</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit><latexit sha1_base64="e9YoNMr24iEmWeDVUokT11KrR5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVoXorCuJJqri22C4lm2bb0CS7JFmhLP0XXjyoePXnePPfmLZ70NYHA4/3ZpiZFyacaeO6305haXllda24XtrY3NreKe/uPeg4VYT6JOaxaoVYU84k9Q0znLYSRbEIOW2Gw8uJ33yiSrNY3ptRQgOB+5JFjGBjpcebbtZRAt1djbvlilt1p0CLxMtJBXI0uuWvTi8mqaDSEI61bntuYoIMK8MIp+NSJ9U0wWSI+7RtqcSC6iCbXjxGR1bpoShWtqRBU/X3RIaF1iMR2k6BzUDPexPxP6+dmugsyJhMUkMlmS2KUo5MjCbvox5TlBg+sgQTxeytiAywwsTYkEo2BG/+5UXin1TPq+7taaV+kadRhAM4hGPwoAZ1uIYG+EBAwjO8wpujnRfn3fmYtRacfGYf/sD5/AFqvZBJ</latexit>

…
…

…

…

…
WRF2

<latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sgAlkIUhGA2QF4tZLgtZjtnRaIA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKNLQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt1G7jNym1/IWQpvgr6AJK3Ui9ysYpSQXVBrCsdZD38tMWGBlGOG0rAW5phkmUzymQ4sSC6rDYrF7ic6tM0JJquyRBi3c3y8KLLSeidjeFNhM9Ho2N//LhrlJrsKCySw3VJLloCTnyKRoXgQaMUWJ4TMLmChmd0VkghUmxtZVsyX461/ehF675Xst/96DKpzCGVyAD5dwDXfQgS4QeIYXeIN3p3RenY9lXRVn1VsD/sj5/AG4Y5Jn</latexit><latexit sha1_base64="sgAlkIUhGA2QF4tZLgtZjtnRaIA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKNLQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt1G7jNym1/IWQpvgr6AJK3Ui9ysYpSQXVBrCsdZD38tMWGBlGOG0rAW5phkmUzymQ4sSC6rDYrF7ic6tM0JJquyRBi3c3y8KLLSeidjeFNhM9Ho2N//LhrlJrsKCySw3VJLloCTnyKRoXgQaMUWJ4TMLmChmd0VkghUmxtZVsyX461/ehF675Xst/96DKpzCGVyAD5dwDXfQgS4QeIYXeIN3p3RenY9lXRVn1VsD/sj5/AG4Y5Jn</latexit><latexit sha1_base64="ossnSFo/cDzLT/2YSR1Npl+GWLY=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJe9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1tr6xubWdmWnuru3f3BoH9W6KskkoR2S8ET2Q6woZzHtaKY57aeSYhFy2gsn1zO/90ilYkn8oKcp9QUexSxiBGsjBXYt98II9Yog96RA9zdBswjsutNw5kCrxC1JHUq0A/vLGyYkEzTWhGOlBq6Taj/HUjPCaVH1MkVTTCZ4RAeGxlhQ5efz2wt0ZpQhihJpKtZorv6eyLFQaipC0ymwHqtlbyb+5w0yHV36OYvTTNOYLBZFGUc6QbMg0JBJSjSfGoKJZOZWRMZYYqJNXFUTgrv88irpNhuu03DvnHrrqoyjAidwCufgwgW04Bba0AECT/AMr/BmFdaL9W59LFrXrHLmGP7A+vwBE2mTyQ==</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sgAlkIUhGA2QF4tZLgtZjtnRaIA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKNLQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt1G7jNym1/IWQpvgr6AJK3Ui9ysYpSQXVBrCsdZD38tMWGBlGOG0rAW5phkmUzymQ4sSC6rDYrF7ic6tM0JJquyRBi3c3y8KLLSeidjeFNhM9Ho2N//LhrlJrsKCySw3VJLloCTnyKRoXgQaMUWJ4TMLmChmd0VkghUmxtZVsyX461/ehF675Xst/96DKpzCGVyAD5dwDXfQgS4QeIYXeIN3p3RenY9lXRVn1VsD/sj5/AG4Y5Jn</latexit><latexit sha1_base64="sgAlkIUhGA2QF4tZLgtZjtnRaIA=">AAAB8HicbZBLSwMxFIXv1FetVcdu3QSL4KrMdKNLQRCXVewDOsOQSTNtaJIZkoxYhvkrblwo4q9x578xfSy09UDg45yEe3PijDNtPO/bqWxt7+zuVfdrB/XDo2P3pN7Taa4I7ZKUp2oQY005k7RrmOF0kCmKRcxpP57ezPP+E1WapfLRzDIaCjyWLGEEG2tFbqMI4gT1y6gIlEAPt1G7jNym1/IWQpvgr6AJK3Ui9ysYpSQXVBrCsdZD38tMWGBlGOG0rAW5phkmUzymQ4sSC6rDYrF7ic6tM0JJquyRBi3c3y8KLLSeidjeFNhM9Ho2N//LhrlJrsKCySw3VJLloCTnyKRoXgQaMUWJ4TMLmChmd0VkghUmxtZVsyX461/ehF675Xst/96DKpzCGVyAD5dwDXfQgS4QeIYXeIN3p3RenY9lXRVn1VsD/sj5/AG4Y5Jn</latexit><latexit sha1_base64="ossnSFo/cDzLT/2YSR1Npl+GWLY=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0XwVJJe9FgUxGMV+wFNCJvtpl26m4TdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1tr6xubWdmWnuru3f3BoH9W6KskkoR2S8ET2Q6woZzHtaKY57aeSYhFy2gsn1zO/90ilYkn8oKcp9QUexSxiBGsjBXYt98II9Yog96RA9zdBswjsutNw5kCrxC1JHUq0A/vLGyYkEzTWhGOlBq6Taj/HUjPCaVH1MkVTTCZ4RAeGxlhQ5efz2wt0ZpQhihJpKtZorv6eyLFQaipC0ymwHqtlbyb+5w0yHV36OYvTTNOYLBZFGUc6QbMg0JBJSjSfGoKJZOZWRMZYYqJNXFUTgrv88irpNhuu03DvnHrrqoyjAidwCufgwgW04Bba0AECT/AMr/BmFdaL9W59LFrXrHLmGP7A+vwBE2mTyQ==</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit><latexit sha1_base64="9wHO6zjByWrH1JEQEOEjKlQavW0=">AAAB+3icbVBNS8NAEJ3Ur1q/aj16WSyCp5IUQY9FQTxWsR/QhLDZbtqlu0nY3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0rb9bZXW1jc2t8rblZ3dvf2D6mGtq+JUEtohMY9lP8CKchbRjmaa034iKRYBp71gcj3ze49UKhZHD3qaUE/gUcRCRrA2kl+tZW4Qol7uZ64U6P7Gb+Z+tW437DnQKnEKUocCbb/65Q5jkgoaacKxUgPHTrSXYakZ4TSvuKmiCSYTPKIDQyMsqPKy+e05OjXKEIWxNBVpNFd/T2RYKDUVgekUWI/VsjcT//MGqQ4vvYxFSappRBaLwpQjHaNZEGjIJCWaTw3BRDJzKyJjLDHRJq6KCcFZfnmVdJsNx244d+f11lURRxmO4QTOwIELaMEttKEDBJ7gGV7hzcqtF+vd+li0lqxi5gj+wPr8ARSpk80=</latexit>

1st Analog Combiner 

2nd Analog Combiner
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Low Resolution 

Two-stage analog combining hybrid receiver

Optimality

Optimal scaling law

Optimal mutual information

C(Wopt
RF ) ⇠ Nu log2 NRF
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Copt , C(W?
RF) = Nu log2

✓
1 +

↵b�NRF

�Nu(1� ↵b) +NRF/⇢

◆
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Algorithm

ARV-TSAC algorithm 

W̃?
RF = WAoAWDFT
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