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: The power consumption of the 
ADC grows linearly with the sampling rate but 
exponentially with the number of bits   that decide 
the ADC’s resolution.

: This impediment is caused by 
the fact that ADCs are limited by their dynamic 
range (DR).

Challenges in Massive MIMO

Benefits of     MIMO 
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ReconstructionQuantizerModulo ADC LP        
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<latexit sha1_base64="n/g22Xyacvg4BWRXo0x2WkCCdqM=">AAACIXicbVC7TsMwFHXKq5RXgJHF0CIxoCqpEDBWsDAWiT6kNqoc56a16jxkO0AVZeZDmFnhG9gQG+IL+Avcx0BbjmTp6Jz78nFjzqSyrC8jt7S8srqWXy9sbG5t75i7ew0ZJYJCnUY8Ei2XSOAshLpiikMrFkACl0PTHVyP/OY9CMmi8E4NY3AC0guZzyhRWuqah6XOA/NAMe5B+ph10+C0ExDVl37qZll74JS6ZtEqW2PgRWJPSRFNUeuaPx0vokkAoaKcSNm2rVg5KRGKUQ5ZoZNIiAkdkB60NQ1JANJJx1/J8LFWPOxHQr9Q4bH6tyMlgZTDwNWV4zPnvZH4n9dOlH/ppCyMEwUhnSzyE45VhEe5YI8JoIoPNSFUMH0rpn0iCFU6vZkto9lC+jLDBZ2NPZ/EImlUyvZ5+ey2UqxeTVPKowN0hE6QjS5QFd2gGqojip7QC3pFb8az8W58GJ+T0pwx7dlHMzC+fwFXV6Sg</latexit>

exm,b[k]

<latexit sha1_base64="EgcY17M/Mo2iFaz9TYmp53G+79E=">AAACIXicbVC7TsMwFHXKq5RXgJHF0CIxoCqpEDBWsDAWiT6kNqoc56a16jxkO0AVZeZDmFnhG9gQG+IL+Avcx0BbjmTp6Jz78nFjzqSyrC8jt7S8srqWXy9sbG5t75i7ew0ZJYJCnUY8Ei2XSOAshLpiikMrFkACl0PTHVyP/OY9CMmi8E4NY3AC0guZzyhRWuqah6XOA/NAMe5B+ph1U/u0ExDVl37qZll74JS6ZtEqW2PgRWJPSRFNUeuaPx0vokkAoaKcSNm2rVg5KRGKUQ5ZoZNIiAkdkB60NQ1JANJJx1/J8LFWPOxHQr9Q4bH6tyMlgZTDwNWV4zPnvZH4n9dOlH/ppCyMEwUhnSzyE45VhEe5YI8JoIoPNSFUMH0rpn0iCFU6vZkto9lC+jLDBZ2NPZ/EImlUyvZ5+ey2UqxeTVPKowN0hE6QjS5QFd2gGqojip7QC3pFb8az8W58GJ+T0pwx7dlHMzC+fwHzNKRk</latexit>

ex1,b[k]

<latexit sha1_base64="dfByx/K8ApeVrDR0qsegmmOnA/s=">AAACBHicbVDLTgIxFO3gC/GFunTTQEwwJmTGGHVJdOMSE3kkMCGd0oFKpzNp75jghK1rF270G9wZt/4Hn+Bf2AEWAp6kyck599XjRYJrsO2xlVlZXVvfyG7mtrZ3dvfy+wd1HcaKshoNRaiaHtFMcMlqwEGwZqQYCTzBGt7gJvUbj0xpHsp7GEbMDUhPcp9TAkaqP3VkCU46+aJdtifAy8SZkWKl0D59HVeG1U7+p90NaRwwCVQQrVuOHYGbEAWcCjbKtWPNIkIHpMdahkoSMO0mk2tH+NgoXeyHyjwJeKL+7UhIoPUw8ExlQKCvF71U/M9rxeBfuQmXUQxM0ukiPxYYQpx+HXe5YhTE0BBCFTe3YtonilAwAc1tSWcr7esRzplsnMUklkn9rOxclM/vTEjXaIosOkIFVEIOukQVdIuqqIYoekAv6A29W8/Wh/VpfU1LM9as5xDNwfr+BcPwm18=</latexit>

zn(t)

<latexit sha1_base64="SGBfURx6F/JYDj7rJ9K9PdMrpOk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWRoi6LbnRXwT4giWEymbRDJ5MwMxFKCG78FTcuFHHrV7jzb5ymXWjrgYHDOecy954gZVQqy/o2KkvLK6tr1fXaxubW9o65u9eVSSYw6eCEJaIfIEkY5aSjqGKknwqC4oCRXjC6mvi9ByIkTfidGqfEi9GA04hipLTkmwfCd5mOh+g+d2OkhjLKb4rCGXm+WbcaVgm4SOwZqYMZ2r755YYJzmLCFWZISse2UuXlSCiKGSlqbiZJivAIDYijKUcxkV5enlDAY62EMEqEflzBUv09kaNYynEc6GS55bw3Ef/znExFF15OeZopwvH0oyhjUCVw0gcMqSBYsbEmCAuqd4V4iATCSrdW0yXY8ycvku5pwz5rNG+b9dblrI4qOARH4ATY4By0wDVogw7A4BE8g1fwZjwZL8a78TGNVozZzD74A+PzBwDel9U=</latexit>

rI�[k]

<latexit sha1_base64="wUwJkbo9zzOvydu12wnZ8Z2hpbY=">AAACAnicbVDLSsNAFJ3UV62v+FqIm8GiuCqJiLosunHZgm0KSQyTyaQOnTyYmQglBDf+gp/gxoUibv0Kd/6N07QLbT0wcDjnXObe46eMCmkY31plbn5hcam6XFtZXVvf0De3uiLJOCYdnLCE93wkCKMx6UgqGemlnKDIZ8TyB1cj37onXNAkvpHDlLgR6sc0pBhJJXn6HvccpuIBus2dCMk7EebtorAHrqfXjYZRAs4Sc0LqzaMdq3iydlue/uUECc4iEkvMkBC2aaTSzRGXFDNS1JxMkBThAeoTW9EYRUS4eXlCAQ+VEsAw4erFEpbq74kcRUIMI18lyy2nvZH4n2dnMrxwcxqnmSQxHn8UZgzKBI76gAHlBEs2VARhTtWuEN8hjrBUrdVUCeb0ybOke9IwzxqnbdXGJRijCvbBATgGJjgHTXANWqADMHgAz+AVvGmP2ov2rn2MoxVtMrMN/kD7/AEmqpoo</latexit>

rQ� [k]
<latexit sha1_base64="6ZBpRlGalOy5uXhzWpcoJ0/nvI4=">AAAB+3icbVDLSsNAFJ34rPUV69LN0CIIQklE1GXRjcsK9gFtKJPJTTt0MgkzE7WE/IVrNy4UceuPuOvfOH0stPXAhcM593LvPX7CmdKOM7ZWVtfWNzYLW8Xtnd29ffug1FRxKik0aMxj2faJAs4ENDTTHNqJBBL5HFr+8Gbitx5AKhaLez1KwItIX7CQUaKN1LNL3UcWgGY8gEzmPdEZej274lSdKfAyceekUit3T5/HtVG9Z393g5imEQhNOVGq4zqJ9jIiNaMc8mI3VZAQOiR96BgqSATKy6a35/jYKAEOY2lKaDxVf09kJFJqFPmmMyJ6oBa9ifif10l1eOVlTCSpBkFni8KUYx3jSRA4YBKo5iNDCJXM3IrpgEhCtYmraEJwF19eJs2zqntRPb8zaVyjGQroCJXRCXLRJaqhW1RHDUTRE3pBb+jdyq1X68P6nLWuWPOZQ/QH1tcPwdCX5A==</latexit>

ern[k]

<latexit sha1_base64="DWGQRU8C41+/dHh1nUxlL7AR0nk=">AAAB+3icbVDLSsNAFJ34rPUV69JNaBEEoSQi6rLoxmUF+4AkhMnkph06eTAzUUPIX7h240IRt/6Iu/6N08dCWw9cOJxzL/fe46eMCmmaY21ldW19Y7OyVd3e2d3b1w9qXZFknECHJCzhfR8LYDSGjqSSQT/lgCOfQc8f3Uz83gNwQZP4XuYpuBEexDSkBEsleXrNeaQBSMoCKHjpWfbI9fSG2TSnMJaJNSeNVt05fR638ranfztBQrIIYkkYFsK2zFS6BeaSEgZl1ckEpJiM8ABsRWMcgXCL6e2lcayUwAgTriqWxlT9PVHgSIg88lVnhOVQLHoT8T/PzmR45RY0TjMJMZktCjNmyMSYBGEElAORLFcEE07VrQYZYo6JVHFVVQjW4svLpHvWtC6a53cqjWs0QwUdoTo6QRa6RC10i9qogwh6Qi/oDb1rpfaqfWifs9YVbT5ziP5A+/oBZKWXpw==</latexit>

er1[k]

Data Modulo 

Mapping

Modulo 

Samples

���<latexit sha1_base64="liK18isr4fMjGEuekoo0CRzMKSc=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIVdEbURgzaWCZgLJEuYnZxNxsxemJkVwpInsLFQxFYfxt5GfBsniYUm/jDw8f/nMOccPxFcacf5snILi0vLK/lVe219Y3OrsL1TV3EqGdZYLGLZ9KlCwSOsaa4FNhOJNPQFNvzB1Thv3KFUPI5u9DBBL6S9iAecUW2squwUik7JmYjMg/sDxYt3+zx5+7QrncJHuxuzNMRIM0GVarlOor2MSs2ZwJHdThUmlA1oD1sGIxqi8rLJoCNyYJwuCWJpXqTJxP3dkdFQqWHom8qQ6r6azcbmf1kr1cGZl/EoSTVGbPpRkAqiYzLemnS5RKbF0ABlkptZCetTSZk2t7HNEdzZleehflRyT0rHVadYvoSp8rAH+3AILpxCGa6hAjVggHAPj/Bk3VoP1rP1Mi3NWT89u/BH1us3P6WQPA==</latexit>r

Sampling

<latexit sha1_base64="3Sftn1l+9uKRlGDPAxMBdCmR+1g="></latexit>

M�(r)|t=kT| {z }
ym

M�M�M�
        ADC

Quantization Quantized Modulo 
Samples

<latexit sha1_base64="87KqsKrEdUUx7JASAwKGBlZ3hMg="></latexit>

Qb

<latexit sha1_base64="0DtbZ9o5ugmxONboxZ0068CM+GU="></latexit>X
k2Z

�(t� kT )

<latexit sha1_base64="HaT7Qhmgs79JYjyfgDeTgRNx31Y="></latexit>

M�

<latexit sha1_base64="tYuKqhfDMklkbIwfis5jQ07Fd20="></latexit>

M�-
<latexit sha1_base64="Z+iZn5sCtdL2P3vND64IO8QXWgg=">AAACB3icbVDLSgMxFL1TX7W+qi4VCRbBVZkRUZdFNy5bsA9ph5JJM21oJjMmGaEMXbpw7Va/wZ1062f4CeJPmGm7sK0HAodzz33keBFnStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRXGktAqCXkoGx5WlDNBq5ppThuRpDjwOK17/Zu0Xn+kUrFQ3OlBRN0AdwXzGcHaSPcP7RY35g5u5wt20R4DLRJnSgqlw1Hl5+loVG7nv1udkMQBFZpwrFTTsSPtJlhqRjgd5lqxohEmfdylTUMFDqhyk/HBQ3RilA7yQ2me0Gis/u1IcKDUIPCMM8C6p+ZrqfhfrRlr/8pNmIhiTQWZLPJjjnSI0t+jDpOUaD4wBBPJzK2I9LDERJuMZraks6Xy1RDlTDbOfBKLpHZWdC6K5xUT0jVMkIUDOIZTcOASSnALZagCgQBe4BXerGfr3fqwRhNrxpr27MMMrM9fhhOdmg==</latexit>q�

<latexit sha1_base64="vEwnHrd6U6mrrHIwSBcyPIwWLAU=">AAACBXicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQG8sEzEOSJczOziZDZmeXmVkhLKn9AFv9hHRia+NP2Nj6G84mKUzigYHDuec+5ngxZ0rb9pe1srq2vrGZ28pv7+zu7RcODhsqSiShdRLxSLY8rChngtY105y2Yklx6HHa9Aa3Wb35SKVikbjXw5i6Ie4JFjCCtZEeZLfDjdnH3ULRLtkToGXizEixfFz7ZuPKZ7Vb+On4EUlCKjThWKm2Y8faTbHUjHA6yncSRWNMBrhH24YKHFLlppODR+jMKD4KImme0Gii/u1IcajUMPSMM8S6rxZrmfhfrZ3o4MZNmYgTTQWZLgoSjnSEst8jn0lKNB8agolk5lZE+lhiok1Gc1uy2VIFamSScRZzWCaNi5JzVbqsmYgqMEUOTuAUzsGBayjDHVShDgRCeIYXeLWerLH1Zr1PrSvWrOcI5mB9/AJIHp1b</latexit>r�

<latexit sha1_base64="tUbInZ8OMs9ynZAuRc6mRMJdiAQ="></latexit>

Qb (r�)| {z }

• Utilizing modulo ADCs (       ADC) instead of a conventional ADC.  
<latexit sha1_base64="+lk64/ceXTr06LbRLVmqR4UNI4I=">AAACE3icbVDLSsNAFJ34rPUVHzs3g0VwY0mkqMuCLtwIFewDmhAmk0k7dDIJMxOhhnyGe7f6C+7ErR/gH/gZTtosbOuBgcM59849HD9hVCrL+jaWlldW19YrG9XNre2dXXNvvyPjVGDSxjGLRc9HkjDKSVtRxUgvEQRFPiNdf3Rd+N1HIiSN+YMaJ8SN0IDTkGKktOSZh06E1FBikd3lnsP0YoDOPLNm1a0J4CKxS1IDJVqe+eMEMU4jwhVmSMq+bSXKzZBQFDOSV51UkgThERqQvqYcRUS62SR9Dk+0EsAwFvpxBSfq340MRVKOI19PTrLOe4X4n9dPVXjlZpQnqSIcTw+FKYMqhkUVMKCCYMXGmiAsqM4K8RAJhJUubOZK8beQocyruhp7vohF0jmv2xf1xn2j1rwpS6qAI3AMToENLkET3IIWaAMMnsALeAVvxrPxbnwYn9PRJaPcOQAzML5+AeRPnr0=</latexit>

M��

Our Approach:     MIMO
<latexit sha1_base64="8B/CVE/1KcQGje/11Buvv7UuIZE=">AAACBXicbVDLSsNAFL2pr1pfVZduBovgxpJIUZcFN66kgn1AG8pkMmmHTiZhZiKU0LV7t/oL7sSt3+Ef+BlO0ixs64GBw7nnPuZ4MWdK2/a3VVpb39jcKm9Xdnb39g+qh0cdFSWS0DaJeCR7HlaUM0HbmmlOe7GkOPQ47XqT26zefaJSsUg86mlM3RCPBAsYwdpIvQE3Vh9fDKs1u27nQKvEKUgNCrSG1Z+BH5EkpEITjpXqO3as3RRLzQins8ogUTTGZIJHtG+owCFVbprfO0NnRvFREEnzhEa5+rcjxaFS09AzzhDrsVquZeJ/tX6igxs3ZSJONBVkvihIONIRyj6PfCYp0XxqCCaSmVsRGWOJiTYRLWzJZksVqFnFROMsB7FKOpd156reeGjUmvdFSGU4gVM4BweuoQl30II2EODwAq/wZj1b79aH9Tm3lqyi5xgWYH39AoCxmSw=</latexit>

��

• The architecture of        ADC and quantizer.  
<latexit sha1_base64="+lk64/ceXTr06LbRLVmqR4UNI4I=">AAACE3icbVDLSsNAFJ34rPUVHzs3g0VwY0mkqMuCLtwIFewDmhAmk0k7dDIJMxOhhnyGe7f6C+7ErR/gH/gZTtosbOuBgcM59849HD9hVCrL+jaWlldW19YrG9XNre2dXXNvvyPjVGDSxjGLRc9HkjDKSVtRxUgvEQRFPiNdf3Rd+N1HIiSN+YMaJ8SN0IDTkGKktOSZh06E1FBikd3lnsP0YoDOPLNm1a0J4CKxS1IDJVqe+eMEMU4jwhVmSMq+bSXKzZBQFDOSV51UkgThERqQvqYcRUS62SR9Dk+0EsAwFvpxBSfq340MRVKOI19PTrLOe4X4n9dPVXjlZpQnqSIcTw+FKYMqhkUVMKCCYMXGmiAsqM4K8RAJhJUubOZK8beQocyruhp7vohF0jmv2xf1xn2j1rwpS6qAI3AMToENLkET3IIWaAMMnsALeAVvxrPxbnwYn9PRJaPcOQAzML5+AeRPnr0=</latexit>

M��

<latexit sha1_base64="v0B2of649d7nrC1qRSBnXHo6sR4=">AAACFXicbVDLSgMxFL3js62vqks3wSK4scyIqMuiG5cV7APboWQymTY0kxmSjFiG/oQbEf0Hv8CduHXtn7jTTNuFbT0QOJxzb+69x4s5U9q2v6yFxaXlldVcvrC2vrG5VdzeqasokYTWSMQj2fSwopwJWtNMc9qMJcWhx2nD619mfuOOSsUicaMHMXVD3BUsYARrIzWP2tzU+rhTLNllewQ0T5wJKVXy8dPt6/1PtVP8bvsRSUIqNOFYqZZjx9pNsdSMcDostBNFY0z6uEtbhgocUuWmo32H6MAoPgoiaZ7QaKT+7UhxqNQg9ExliHVPzXqZ+J/XSnRw7qZMxImmgowHBQlHOkLZ8chnkhLNB4ZgIpnZFZEelphoE9HUlOxvqQI1dUnqhcOCicqZDWae1I/Lzmn55NpkdgFj5GAP9uEQHDiDClxBFWpAgMMDPMOL9Wi9We/Wx7h0wZr07MIUrM9fEpyjlA==</latexit>

��

<latexit sha1_base64="/yPJnS8YSsHmALw6dwO7XYcUeGo=">AAACF3icbVDLSsNAFL3xWeur6tLNYCsIQkmKqMuiG5cV7APbUCaTSTt0MgkzE6GE/oUbF/or7sStS//EpZM2C9t6YOBwzr1z7z1ezJnStv1trayurW9sFraK2zu7e/ulg8OWihJJaJNEPJIdDyvKmaBNzTSnnVhSHHqctr3Rbea3n6hULBIPehxTN8QDwQJGsDbSY+W8x02xjyv9Utmu2lOgZeLkpAw5Gv3ST8+PSBJSoQnHSnUdO9ZuiqVmhNNJsZcoGmMywgPaNVTgkCo3nW48QadG8VEQSfOERlP1b0eKQ6XGoWcqQ6yHatHLxP+8bqKDazdlIk40FWQ2KEg40hHKzkc+k5RoPjYEE8nMrogMscREm5DmpmR/SxWouUtSL5wUTVTOYjDLpFWrOpfVi/tauX6Th1aAYziBM3DgCupwBw1oAgEBz/AKb9aL9W59WJ+z0hUr7zmCOVhfvyRpoB4=</latexit>

+�

<latexit sha1_base64="Wwcd3ChViJM0NL8cbwEaH9FEtn0="></latexit>

kymk�1

<latexit sha1_base64="FbDelibUekNf60rXfoDSFNIYwfU=">AAACKnicbVDLSgMxFM34rPVVddlNaBEEocyIqMuiG5cV7AM6ZcikmTY0yQxJRhims/Af/Ac3LvRX3BW3foRLM20XtvVA4HDOvbn3Hj9iVGnbnlhr6xubW9uFneLu3v7BYenouKXCWGLSxCELZcdHijAqSFNTzUgnkgRxn5G2P7rL/fYTkYqG4lEnEelxNBA0oBhpI3mlsjuGiedypIcqSHkG3bGXulQEOsm8UtWu2VPAVeLMSbVecc9fJvWk4ZV+3H6IY06Exgwp1XXsSPdSJDXFjGRFN1YkQniEBqRrqECcqF46PSKDp0bpwyCU5gkNp+rfjhRxpRLum8rptsteLv7ndWMd3PRSKqJYE4Fng4KYQR3CPBHYp5JgzRJDEJbU7ArxEEmEtcltYUr+t1SBWrgk9XlWNFE5y8GsktZFzbmqXT6YzG7BDAVQBhVwBhxwDergHjRAE2DwDF7BO/iw3qxPa2J9zUrXrHnPCViA9f0LACarvw==</latexit>

kymk1

<latexit sha1_base64="g+xoo7miQljZtcaJGSZ08xL7SqU=">AAACEHicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQG8sEzQOSEGYns8mQmdllZlYISz7BxkK/wt5OBCv/wMbvsHQ2SWESDwwczrl37r3HjzjTxnW/nKXlldW19cxGdnNre2c3t7df02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXKd+/Z4qzUJ5Z4YRbQvckyxgBBsr3fodr5PLuwV3DLRIvCnJFw8r3+yl9FHu5H5a3ZDEgkpDONa66bmRaSdYGUY4HWVbsaYRJgPco01LJRZUt5PxqiN0YpUuCkJlnzRorP7tSLDQeih8Wymw6et5LxX/85qxCa7aCZNRbKgkk0FBzJEJUXo36jJFieFDSzBRzO6KSB8rTIxNZ2ZK+rfSgZ65JPHFKGuj8uaDWSS1s4J3UTiv2MxKMEEGjuAYTsGDSyjCDZShCgR68ABP8Ow8Oq/Om/M+KV1ypj0HMAPn8xfCJ6E5</latexit>

b1

<latexit sha1_base64="xfYdX+41sBND/j+LWBB+370Qtwo=">AAACEHicbVC7SgNBFL3rM8ZXVLCxGQyCVdgVUcsQG8sEzQOSEGYns8mQmdllZlYISz7BxkK/wt5OBCv/wMbvsHQ2SWESDwwczrl37r3HjzjTxnW/nKXlldW19cxGdnNre2c3t7df02GsCK2SkIeq4WNNOZO0apjhtBEpioXPad0fXKd+/Z4qzUJ5Z4YRbQvckyxgBBsr3fodt5PLuwV3DLRIvCnJFw8r3+yl9FHu5H5a3ZDEgkpDONa66bmRaSdYGUY4HWVbsaYRJgPco01LJRZUt5PxqiN0YpUuCkJlnzRorP7tSLDQeih8Wymw6et5LxX/85qxCa7aCZNRbKgkk0FBzJEJUXo36jJFieFDSzBRzO6KSB8rTIxNZ2ZK+rfSgZ65JPHFKGuj8uaDWSS1s4J3UTiv2MxKMEEGjuAYTsGDSyjCDZShCgR68ABP8Ow8Oq/Om/M+KV1ypj0HMAPn8xfAfaE4</latexit>

b0

<latexit sha1_base64="GTIbHrQK3IxpUYEZm6mwO65rdg0=">AAACEHicbVC7SgNBFL0bXzG+ooKNzWIQrMJuELUMsbFM0DwgWcLsZDYZMjO7zMwKYckn2FjoV9jbiWDlH9j4HZbOJilM4oGBwzn3zr33+BGjSjvOl5VZWV1b38hu5ra2d3b38vsHDRXGEpM6DlkoWz5ShFFB6ppqRlqRJIj7jDT94XXqN++JVDQUd3oUEY+jvqABxUgb6dbvlrr5glN0JrCXiTsjhfJR7Zu+VD6q3fxPpxfimBOhMUNKtV0n0l6CpKaYkXGuEysSITxEfdI2VCBOlJdMVh3bp0bp2UEozRPanqh/OxLElRpx31RypAdq0UvF/7x2rIMrL6EiijUReDooiJmtQzu92+5RSbBmI0MQltTsauMBkghrk87clPRvqQI1d0ni83HOROUuBrNMGqWie1E8r5nMKjBFFo7hBM7AhUsoww1UoQ4Y+vAAT/BsPVqv1pv1Pi3NWLOeQ5iD9fkLw9GhOg==</latexit>

b2

<latexit sha1_base64="4ArXUzaAlJfVXIhF8+jelcQiwew=">AAACEHicbVC7SgNBFL0bXzG+ooKNzWIQrMKuilqG2FgmaB6QLGF2MpsMmZldZmaFsOQTbCz0K+ztRLDyD2z8DktnkxQm8cDA4Zx75957/IhRpR3ny8osLa+srmXXcxubW9s7+d29ugpjiUkNhyyUTR8pwqggNU01I81IEsR9Rhr+4Dr1G/dEKhqKOz2MiMdRT9CAYqSNdOt3zjr5glN0xrAXiTslhdJB9Zu+lD8qnfxPuxvimBOhMUNKtVwn0l6CpKaYkVGuHSsSITxAPdIyVCBOlJeMVx3Zx0bp2kEozRPaHqt/OxLElRpy31RypPtq3kvF/7xWrIMrL6EiijUReDIoiJmtQzu92+5SSbBmQ0MQltTsauM+kghrk87MlPRvqQI1c0ni81HOROXOB7NI6qdF96J4XjWZlWGCLBzCEZyAC5dQghuoQA0w9OABnuDZerRerTfrfVKasaY9+zAD6/MXxXuhOw==</latexit>

b3

<latexit sha1_base64="b94ZY7CaUYpiXtcplX1YlxyvkmA=">AAACEHicbVC7SgNBFL0bXzG+ooKNzWAQrMKuBLUMsbFM0DwgWcLsZDYZMju7zMwKYckn2FjoV9jbiWDlH9j4HZbOJilM4oGBwzn3zr33eBFnStv2l5VZWV1b38hu5ra2d3b38vsHDRXGktA6CXkoWx5WlDNB65ppTluRpDjwOG16w+vUb95TqVgo7vQoom6A+4L5jGBtpFuvW+rmC3bRngAtE2dGCuWj2jd7qXxUu/mfTi8kcUCFJhwr1XbsSLsJlpoRTse5TqxohMkQ92nbUIEDqtxksuoYnRqlh/xQmic0mqh/OxIcKDUKPFMZYD1Qi14q/ue1Y+1fuQkTUaypINNBfsyRDlF6N+oxSYnmI0MwkczsisgAS0y0SWduSvq3VL6auyTxgnHOROUsBrNMGudF56JYqpnMKjBFFo7hBM7AgUsoww1UoQ4E+vAAT/BsPVqv1pv1Pi3NWLOeQ5iD9fkLxyWhPA==</latexit>

b4

<latexit sha1_base64="E+LmXZz88JvycopacaDvFw1zi3w=">AAACEHicbVC7SgNBFL0bXzG+ooKNzWIQrMKu+CpDbCwTNA9IljA7mU2GzMwuM7NCWPIJNhb6FfZ2Ilj5BzZ+h6WzSQqTeGDgcM69c+89fsSo0o7zZWWWlldW17LruY3Nre2d/O5eXYWxxKSGQxbKpo8UYVSQmqaakWYkCeI+Iw1/cJ36jXsiFQ3FnR5GxOOoJ2hAMdJGuvU75518wSk6Y9iLxJ2SQumg+k1fyh+VTv6n3Q1xzInQmCGlWq4TaS9BUlPMyCjXjhWJEB6gHmkZKhAnykvGq47sY6N07SCU5gltj9W/HQniSg25byo50n0176Xif14r1sGVl1ARxZoIPBkUxMzWoZ3ebXepJFizoSEIS2p2tXEfSYS1SWdmSvq3VIGauSTx+ShnonLng1kk9dOie1E8q5rMyjBBFg7hCE7AhUsowQ1UoAYYevAAT/BsPVqv1pv1PinNWNOefZiB9fkLyM+hPQ==</latexit>

b5

<latexit sha1_base64="nNq1t8UxtAEwlyaAnup21XUe7VY=">AAACEHicbVC7SgNBFL0bXzG+ooKNzWAQrMKuSLQMsbFM0DwgWcLsZDYZMrO7zMwKYckn2FjoV9jbiWDlH9j4HZbOJilM4oGBwzn3zr33eBFnStv2l5VZWV1b38hu5ra2d3b38vsHDRXGktA6CXkoWx5WlLOA1jXTnLYiSbHwOG16w+vUb95TqVgY3OlRRF2B+wHzGcHaSLdet9TNF+yiPQFaJs6MFMpHtW/2UvmodvM/nV5IYkEDTThWqu3YkXYTLDUjnI5znVjRCJMh7tO2oQEWVLnJZNUxOjVKD/mhNC/QaKL+7UiwUGokPFMpsB6oRS8V//Pasfav3IQFUaxpQKaD/JgjHaL0btRjkhLNR4ZgIpnZFZEBlphok87clPRvqXw1d0niiXHOROUsBrNMGudFp1S8qJnMKjBFFo7hBM7AgUsoww1UoQ4E+vAAT/BsPVqv1pv1Pi3NWLOeQ5iD9fkLynmhPg==</latexit>

b6

<latexit sha1_base64="EMJmVPHM2ydGBxtTqyXDNsNsVIE=">AAACEHicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiLEMsbFM0DwgWcLsZDYZMrO7zMwKYckn2FjoV9jbiWDlH9j4HZbOJilM4oGBwzn3zr33eBFnStv2l5VZWV1b38hu5ra2d3b38vsHDRXGktA6CXkoWx5WlLOA1jXTnLYiSbHwOG16w+vUb95TqVgY3OlRRF2B+wHzGcHaSLdet9TNF+yiPQFaJs6MFMpHtW/2UvmodvM/nV5IYkEDTThWqu3YkXYTLDUjnI5znVjRCJMh7tO2oQEWVLnJZNUxOjVKD/mhNC/QaKL+7UiwUGokPFMpsB6oRS8V//Pasfav3IQFUaxpQKaD/JgjHaL0btRjkhLNR4ZgIpnZFZEBlphok87clPRvqXw1d0niiXHOROUsBrNMGudF57J4UTOZVWCKLBzDCZyBAyUoww1UoQ4E+vAAT/BsPVqv1pv1Pi3NWLOeQ5iD9fkLzCOhPw==</latexit>

b7

<latexit sha1_base64="k5BmB4M1YJ/yNBR0M4y5+JFxwpI=">AAACEHicbVC7SgNBFL0bXzG+ooKNzWAQrMKuiKYMsbFM0DwgWcLsZDYZMrO7zMwKYckn2FjoV9jbiWDlH9j4HZbOJilM4oGBwzn3zr33eBFnStv2l5VZWV1b38hu5ra2d3b38vsHDRXGktA6CXkoWx5WlLOA1jXTnLYiSbHwOG16w+vUb95TqVgY3OlRRF2B+wHzGcHaSLdet9TNF+yiPQFaJs6MFMpHtW/2UvmodvM/nV5IYkEDTThWqu3YkXYTLDUjnI5znVjRCJMh7tO2oQEWVLnJZNUxOjVKD/mhNC/QaKL+7UiwUGokPFMpsB6oRS8V//PasfZLbsKCKNY0INNBfsyRDlF6N+oxSYnmI0MwkczsisgAS0y0SWduSvq3VL6auyTxxDhnonIWg1kmjfOic1m8qJnMKjBFFo7hBM7AgSsoww1UoQ4E+vAAT/BsPVqv1pv1Pi3NWLOeQ5iD9fkLzc2hQA==</latexit>

b8

<latexit sha1_base64="YSm4K4y+Tq0mVWW/6wVoKxgsyZk=">AAACEHicbVC7TgJBFL2LL8QXaqkxE4mJFdk1RimJNpYQ5ZHAhswOszBhdnYzM2tCNpSWNhb6K3TG1j/wG/wBS2eBQsCTTHJyzr1z7z1exJnStv1lZVZW19Y3spu5re2d3b38/kFdhbEktEZCHsqmhxXlTNCaZprTZiQpDjxOG97gNvUbj1QqFooHPYyoG+CeYD4jWBvpvtcpdfIFu2hPgJaJMyOF8vG4+v10Mq508j/tbkjigApNOFaq5diRdhMsNSOcjnLtWNEIkwHu0ZahAgdUuclk1RE6M0oX+aE0T2g0Uf92JDhQahh4pjLAuq8WvVT8z2vF2i+5CRNRrKkg00F+zJEOUXo36jJJieZDQzCRzOyKSB9LTLRJZ25K+rdUvpq7JPGCUc5E5SwGs0zqF0XnqnhZNZndwBRZOIJTOAcHrqEMd1CBGhDowTO8wpv1Yo2td+tjWpqxZj2HMAfr8xfl/KFP</latexit>g8

<latexit sha1_base64="bk1tC1trCrH9PyDCgxI/bhtRhcs=">AAACEHicbVC7TgJBFL2LL8QXaqkxE4mJFdk1RiyJNpYQ5ZHAhswOszBhdnYzM2tCNpSWNhb6K3TG1j/wG/wBS2eBQsCTTHJyzr1z7z1exJnStv1lZVZW19Y3spu5re2d3b38/kFdhbEktEZCHsqmhxXlTNCaZprTZiQpDjxOG97gNvUbj1QqFooHPYyoG+CeYD4jWBvpvtcpdfIFu2hPgJaJMyOF8vG4+v10Mq508j/tbkjigApNOFaq5diRdhMsNSOcjnLtWNEIkwHu0ZahAgdUuclk1RE6M0oX+aE0T2g0Uf92JDhQahh4pjLAuq8WvVT8z2vF2r92EyaiWFNBpoP8mCMdovRu1GWSEs2HhmAimdkVkT6WmGiTztyU9G+pfDV3SeIFo5yJylkMZpnUL4rOVfGyajK7gSmycASncA4OlKAMd1CBGhDowTO8wpv1Yo2td+tjWpqxZj2HMAfr8xfkUqFO</latexit>g7

<latexit sha1_base64="qg/4fV21GzkFFydyFx4FEPZbbzc=">AAACEHicbVC7TgJBFL2LL8QXaqkxE4mJFdk1Bi2JNpYQ5ZHAhswOszBhdnYzM2tCNpSWNhb6K3TG1j/wG/wBS2eBQsCTTHJyzr1z7z1exJnStv1lZVZW19Y3spu5re2d3b38/kFdhbEktEZCHsqmhxXlTNCaZprTZiQpDjxOG97gNvUbj1QqFooHPYyoG+CeYD4jWBvpvtcpdfIFu2hPgJaJMyOF8vG4+v10Mq508j/tbkjigApNOFaq5diRdhMsNSOcjnLtWNEIkwHu0ZahAgdUuclk1RE6M0oX+aE0T2g0Uf92JDhQahh4pjLAuq8WvVT8z2vF2r92EyaiWFNBpoP8mCMdovRu1GWSEs2HhmAimdkVkT6WmGiTztyU9G+pfDV3SeIFo5yJylkMZpnUL4pOqXhZNZndwBRZOIJTOAcHrqAMd1CBGhDowTO8wpv1Yo2td+tjWpqxZj2HMAfr8xfiqKFN</latexit>g6

<latexit sha1_base64="E5lSE4dI9jORpJJjtpmi+DjQ1A4=">AAACEHicbVC7TgJBFL2LL8QXaqkxE4mJFdk1vkqijSVEeSSwIbPDLEyY2d3MzJqQDaWljYX+Cp2x9Q/8Bn/A0lmgEPAkk5ycc+/ce48Xcaa0bX9ZmaXlldW17HpuY3Nreye/u1dTYSwJrZKQh7LhYUU5C2hVM81pI5IUC4/Tute/Tf36I5WKhcGDHkTUFbgbMJ8RrI10321ftPMFu2iPgRaJMyWF0uGo8v10NCq38z+tTkhiQQNNOFaq6diRdhMsNSOcDnOtWNEIkz7u0qahARZUucl41SE6MUoH+aE0L9BorP7tSLBQaiA8Uymw7ql5LxX/85qx9q/dhAVRrGlAJoP8mCMdovRu1GGSEs0HhmAimdkVkR6WmGiTzsyU9G+pfDVzSeKJYc5E5cwHs0hqZ0XnsnheMZndwARZOIBjOAUHrqAEd1CGKhDowjO8wpv1Yo2sd+tjUpqxpj37MAPr8xfg/qFM</latexit>g5

<latexit sha1_base64="SJjpq5ykXWpzi0sn+l12wOWkdmU=">AAACEHicbVC7TgJBFL2LL8QXaqkxE4mJFdk1RC2JNpYQ5ZHAhswOszBhdnYzM2tCNpSWNhb6K3TG1j/wG/wBS2eBQsCTTHJyzr1z7z1exJnStv1lZVZW19Y3spu5re2d3b38/kFdhbEktEZCHsqmhxXlTNCaZprTZiQpDjxOG97gNvUbj1QqFooHPYyoG+CeYD4jWBvpvtcpdfIFu2hPgJaJMyOF8vG4+v10Mq508j/tbkjigApNOFaq5diRdhMsNSOcjnLtWNEIkwHu0ZahAgdUuclk1RE6M0oX+aE0T2g0Uf92JDhQahh4pjLAuq8WvVT8z2vF2r92EyaiWFNBpoP8mCMdovRu1GWSEs2HhmAimdkVkT6WmGiTztyU9G+pfDV3SeIFo5yJylkMZpnUL4rOZbFUNZndwBRZOIJTOAcHrqAMd1CBGhDowTO8wpv1Yo2td+tjWpqxZj2HMAfr8xffVKFL</latexit>g4

<latexit sha1_base64="GkAovM3GbVH+gBMrBPFLo/H1b/I=">AAACEHicbVC7TgJBFL2LL8QXaqkxE4mJFdlVo5ZEG0uI8khgQ2aHWZgws7uZmTUhG0pLGwv9FTpj6x/4Df6ApbNAIeBJJjk559659x4v4kxp2/6yMkvLK6tr2fXcxubW9k5+d6+mwlgSWiUhD2XDw4pyFtCqZprTRiQpFh6nda9/m/r1RyoVC4MHPYioK3A3YD4jWBvpvts+b+cLdtEeAy0SZ0oKpcNR5fvpaFRu539anZDEggaacKxU07Ej7SZYakY4HeZasaIRJn3cpU1DAyyocpPxqkN0YpQO8kNpXqDRWP3bkWCh1EB4plJg3VPzXir+5zVj7V+7CQuiWNOATAb5MUc6ROndqMMkJZoPDMFEMrMrIj0sMdEmnZkp6d9S+WrmksQTw5yJypkPZpHUzorOZfGiYjK7gQmycADHcAoOXEEJ7qAMVSDQhWd4hTfrxRpZ79bHpDRjTXv2YQbW5y/dqqFK</latexit>g3

<latexit sha1_base64="QKN3RC8i91A83r7E3ADHZiZa/s0=">AAACEHicbVC7TgJBFL2LL8QXaqkxE4mJFdklRi2JNpYQ5ZHAhswOszBhdnYzM2tCNpSWNhb6K3TG1j/wG/wBS2eBQsCTTHJyzr1z7z1exJnStv1lZVZW19Y3spu5re2d3b38/kFdhbEktEZCHsqmhxXlTNCaZprTZiQpDjxOG97gNvUbj1QqFooHPYyoG+CeYD4jWBvpvtcpdfIFu2hPgJaJMyOF8vG4+v10Mq508j/tbkjigApNOFaq5diRdhMsNSOcjnLtWNEIkwHu0ZahAgdUuclk1RE6M0oX+aE0T2g0Uf92JDhQahh4pjLAuq8WvVT8z2vF2r92EyaiWFNBpoP8mCMdovRu1GWSEs2HhmAimdkVkT6WmGiTztyU9G+pfDV3SeIFo5yJylkMZpnUS0XnsnhRNZndwBRZOIJTOAcHrqAMd1CBGhDowTO8wpv1Yo2td+tjWpqxZj2HMAfr8xfcAKFJ</latexit>g2

<latexit sha1_base64="N4VTIvZmm7viafhhh5eknQePLQs=">AAACEHicbVC7SgNBFL3rM8ZX1FKRwSBYhV0RtQzaWCZoHpAsYXYyuxkyO7vMzAphSWlpY6G/kk5s/QO/wR+wdDZJYRIPDBzOuXfuvceLOVPatr+speWV1bX13EZ+c2t7Z7ewt19XUSIJrZGIR7LpYUU5E7Smmea0GUuKQ4/Thte/zfzGI5WKReJBD2LqhjgQzGcEayPdBx2nUyjaJXsMtEicKSmWj0bV76fjUaVT+Gl3I5KEVGjCsVItx461m2KpGeF0mG8nisaY9HFAW4YKHFLlpuNVh+jUKF3kR9I8odFY/duR4lCpQeiZyhDrnpr3MvE/r5Vo/9pNmYgTTQWZDPITjnSEsrtRl0lKNB8YgolkZldEelhiok06M1Oyv6Xy1cwlqRcO8yYqZz6YRVI/LzmXpYuqyewGJsjBIZzAGThwBWW4gwrUgEAAz/AKb9aLNbLerY9J6ZI17TmAGVifv9pWoUg=</latexit>g1

<latexit sha1_base64="bYz3zrI+a7BDIQl6t41ppbDDi6w=">AAACGHicbVC7TsMwFHXKq4RXgZHFokJiqhKEgAVRlYWxSPQhpVHluE5r1bEj20GqonwGCwMM/AhbxcqC+BNGnLYDbTmSpaNz7/U99wQxo0o7zrdVWFldW98obtpb2zu7e6X9g6YSicSkgQUTsh0gRRjlpKGpZqQdS4KigJFWMLzN661HIhUV/EGPYuJHqM9pSDHSRvI6EdIDjFhay7qlslNxJoDLxJ2R8s3Yvo7fvux6t/TT6QmcRIRrzJBSnuvE2k+R1BQzktmdRJEY4SHqE89QjiKi/HRiOYMnRunBUEjzuIYT9e9EiiKlRlFgOnOLarGWi//VvESHV35KeZxowvF0UZgwqAXM74c9KgnWbGQIwpIarxAPkERYm5TmtuR/SxWquUvSIMpsE5W7GMwyaZ5V3IvK+b1TrtbAFEVwBI7BKXDBJaiCO1AHDYCBAE/gBbxaz9a7NbY+pq0FazZzCOZgff4CQm+kpw==</latexit>

B

<latexit sha1_base64="bhBC+JAzeY4seoGz1ybp2Dl7SyQ=">AAACG3icbVC7TsMwFHV4lpZHgZHFoiAxVQlCwFjBwlgk+pDaUDmu01q1nWA7laoo/8HCAB/BD3RDrAx8CIgRJ+1AW45k6ejc1/HxQkaVtu1Pa2l5ZXVtPbeRL2xube8Ud/fqKogkJjUcsEA2PaQIo4LUNNWMNENJEPcYaXiD67TeGBKpaCDu9CgkLkc9QX2KkTbSPenEbY50X/nxQ5J0iiW7bGeAi8SZklLl6Ot1PCx8VzvFn3Y3wBEnQmOGlGo5dqjdGElNMSNJvh0pEiI8QD3SMlQgTpQbZ64TeGyULvQDaZ7QMFP/TsSIKzXinunMLM7XUvG/WivS/qUbUxFGmgg8OeRHDOoAphHALpUEazYyBGFJjVeI+0girE1QM1fS3VL5auYnsceTvInKmQ9mkdRPy855+ezWZHYFJsiBA3AIToADLkAF3IAqqAEMJHgEz+DFerLG1pv1PmldsqYz+2AG1scv60SnYQ==</latexit>eq

<latexit sha1_base64="zEmkzgymUVouSTTiAAsVHQkMWzc="></latexit>

Qb(y) = gl, y 2 B

<latexit sha1_base64="NZJG+88/Hm8EJ4asw8eec6riFTk="></latexit>

Qb(ym) = gl,(m), y 2 Bm

<latexit sha1_base64="IZTywYQOmLMf5Bsd/7S0Vt6TEzQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN6LjP4=</latexit>q

<latexit sha1_base64="ZijMo3+/0BtY1u8e32OvpQkRz7k="></latexit>

B�

<latexit sha1_base64="vlD+8GY0uXMiBiQuXDGxz8Kk6kY=">AAACC3icbVC7SgNBFL3rM8ZX1FKQIUGwkLAroikDNpYRzAOSJczOziZDZnfWmVkhLKmsrW3NN9iJrR/hJ/gJds4mKUzigYHDOefOvRwv5kxp2/6yVlbX1jc2c1v57Z3dvf3CwWFDiUQSWieCC9nysKKcRbSumea0FUuKQ4/Tpje4yfzmI5WKieheD2PqhrgXsYARrI3ket20ct7hJu/jUbdQssv2BGiZODNSqhbHTz8nvqh1C98dX5AkpJEmHCvVduxYuymWmhFOR/lOomiMyQD3aNvQCIdUuenk6BE6NYqPAiHNizSaqH8nUhwqNQw9kwyx7qtFLxP/89qJDipuyqI40TQi00VBwpEWKGsA+UxSovnQEEwkM7ci0scSE216mtuS/S1VoEYob7pxFptYJo2LsnNVvrwzJVVhihwcQxHOwIFrqMIt1KAOBB7gBV5hbD1bb9a79TGNrlizmSOYg/X5C+oUntI=</latexit>

b8,�
<latexit sha1_base64="Bt/KElKj2aMOx4l+gA+votmHnqQ=">AAACC3icbVC7SgNBFL3rM8ZX1FKQIUGwkLArYiwDNpYRzAOSJczOziZDZnfWmVkhLKmsrW3NN9iJrR/hJ/gJds4mKUzigYHDOefOvRwv5kxp2/6yVlbX1jc2c1v57Z3dvf3CwWFDiUQSWieCC9nysKKcRbSumea0FUuKQ4/Tpje4yfzmI5WKieheD2PqhrgXsYARrI3ket20ct7hJu/jUbdQssv2BGiZODNSqhbHTz8nvqh1C98dX5AkpJEmHCvVduxYuymWmhFOR/lOomiMyQD3aNvQCIdUuenk6BE6NYqPAiHNizSaqH8nUhwqNQw9kwyx7qtFLxP/89qJDq7dlEVxomlEpouChCMtUNYA8pmkRPOhIZhIZm5FpI8lJtr0NLcl+1uqQI1Q3nTjLDaxTBoXZeeqfHlnSqrCFDk4hiKcgQMVqMIt1KAOBB7gBV5hbD1bb9a79TGNrlizmSOYg/X5C+hwntE=</latexit>

b7,�

<latexit sha1_base64="hGglqFbt8waCf+nLPl9jBlVQfzQ=">AAACC3icbVC7SgNBFL0bXzG+opaCDAmChYRdEbUM2FhGMA9IljA7O5sMmd1ZZ2aFsKSytrY132Antn6En+An2DmbpDCJBwYO55w793K8mDOlbfvLyq2srq1v5DcLW9s7u3vF/YOGEokktE4EF7LlYUU5i2hdM81pK5YUhx6nTW9wk/nNRyoVE9G9HsbUDXEvYgEjWBvJ9bqpc9bhJu/jUbdYtiv2BGiZODNSrpbGTz/Hvqh1i98dX5AkpJEmHCvVduxYuymWmhFOR4VOomiMyQD3aNvQCIdUuenk6BE6MYqPAiHNizSaqH8nUhwqNQw9kwyx7qtFLxP/89qJDq7dlEVxomlEpouChCMtUNYA8pmkRPOhIZhIZm5FpI8lJtr0NLcl+1uqQI1QwXTjLDaxTBrnFeeycnFnSqrCFHk4ghKcggNXUIVbqEEdCDzAC7zC2Hq23qx362MazVmzmUOYg/X5C96Ynss=</latexit>

b1,�
<latexit sha1_base64="eIvNSKZuYxYv3ixX4uNoAwREZuI=">AAACC3icbVC7SgNBFL0bXzG+opaCDAmChYRdEbUM2FhGMA9IljA7O5sMmd1ZZ2aFsKSytrY132Antn6En+An2DmbpDCJBwYO55w793K8mDOlbfvLyq2srq1v5DcLW9s7u3vF/YOGEokktE4EF7LlYUU5i2hdM81pK5YUhx6nTW9wk/nNRyoVE9G9HsbUDXEvYgEjWBvJ9bqpfdbhJu/jUbdYtiv2BGiZODNSrpbGTz/Hvqh1i98dX5AkpJEmHCvVduxYuymWmhFOR4VOomiMyQD3aNvQCIdUuenk6BE6MYqPAiHNizSaqH8nUhwqNQw9kwyx7qtFLxP/89qJDq7dlEVxomlEpouChCMtUNYA8pmkRPOhIZhIZm5FpI8lJtr0NLcl+1uqQI1QwXTjLDaxTBrnFeeycnFnSqrCFHk4ghKcggNXUIVbqEEdCDzAC7zC2Hq23qx362MazVmzmUOYg/X5C9z0nso=</latexit>

b0,�

<latexit sha1_base64="2EJtn8T/9E9XnGDO2DuG1Am/pdo=">AAACC3icbVC7SgNBFL3rM8ZX1FKQIUGwkLAroikDNpYRzAOSJczOziZDZnfWmVkhLKmsrW3NN9iJrR/hJ/gJds4mKUzigYHDOefOvRwv5kxp2/6yVlbX1jc2c1v57Z3dvf3CwWFDiUQSWieCC9nysKKcRbSumea0FUuKQ4/Tpje4yfzmI5WKieheD2PqhrgXsYARrI3k9rpp5bzDTd7Ho26hZJftCdAycWakVC2On35OfFHrFr47viBJSCNNOFaq7dixdlMsNSOcjvKdRNEYkwHu0bahEQ6pctPJ0SN0ahQfBUKaF2k0Uf9OpDhUahh6Jhli3VeLXib+57UTHVTclEVxomlEpouChCMtUNYA8pmkRPOhIZhIZm5FpI8lJtr0NLcl+1uqQI1Q3nTjLDaxTBoXZeeqfHlnSqrCFDk4hiKcgQPXUIVbqEEdCDzAC7zC2Hq23qx362MaXbFmM0cwB+vzF/JXntc=</latexit>g8,�

<latexit sha1_base64="i3eKMXMbaNTeNAf4djrecsw9iMs=">AAACC3icbVC7SgNBFL0bXzG+opaCDAmChYRdEbUM2FhGMA9IljA7O5sMmd1ZZ2aFsKSytrY132Antn6En+An2DmbpDCJBwYO55w793K8mDOlbfvLyq2srq1v5DcLW9s7u3vF/YOGEokktE4EF7LlYUU5i2hdM81pK5YUhx6nTW9wk/nNRyoVE9G9HsbUDXEvYgEjWBvJ7XVT56zDTd7Ho26xbFfsCdAycWakXC2Nn36OfVHrFr87viBJSCNNOFaq7dixdlMsNSOcjgqdRNEYkwHu0bahEQ6pctPJ0SN0YhQfBUKaF2k0Uf9OpDhUahh6Jhli3VeLXib+57UTHVy7KYviRNOITBcFCUdaoKwB5DNJieZDQzCRzNyKSB9LTLTpaW5L9rdUgRqhgunGWWximTTOK85l5eLOlFSFKfJwBCU4BQeuoAq3UIM6EHiAF3iFsfVsvVnv1sc0mrNmM4cwB+vzF+bbntA=</latexit>g1,�

<latexit sha1_base64="ZIaDltSQKQzKZ8YnszmsLH2UPKY=">AAACFnicbVDLSsNAFJ3UV62vqOBGkKFFcCElEVGXBTcuK9gHNCFMJpN26OThzEQoMSt/wq1u9RvciVu3foKf4M5J2oVtPTBwOOfeuYfjxowKaRhfWmlhcWl5pbxaWVvf2NzSt3faIko4Ji0csYh3XSQIoyFpSSoZ6cacoMBlpOMOL3O/c0e4oFF4I0cxsQPUD6lPMZJKcvQ94qRWgORA+OltdmwxteqhzNFrRt0oAOeJOSG1RvXp4efAi5qO/m15EU4CEkrMkBA904ilnSIuKWYkq1iJIDHCQ9QnPUVDFBBhp0X+DB4qxYN+xNULJSzUvxspCoQYBa6aLKLOern4n9dLpH9hpzSME0lCPD7kJwzKCOZlQI9ygiUbKYIwpyorxAPEEZaqsqkr+d9c+CKDFdWNOdvEPGmf1M2z+um1KqkBxiiDfVAFR8AE56ABrkATtAAG9+AZvIBX7VF70961j/FoSZvs7IIpaJ+/gMGjcA==</latexit>eq,�

<latexit sha1_base64="wgDfbo8zrbFeEgmHs0LNlAtfYzI=">AAACHnicbVDLSsNAFJ3UV62vqEs3Q4tQEUoiom6Eohs3QgX7gKaUyWTSDp08mJkIIWTrF/gBfoBb/QR34tZ+gb/hJK1gWw8MHM499zHHDhkV0jDGWmFpeWV1rbhe2tjc2t7Rd/daIog4Jk0csIB3bCQIoz5pSioZ6YScIM9mpG2PrrN6+4FwQQP/XsYh6Xlo4FOXYiSV1Nch71tM2R10aXlIDgXmyW36q1X5UV+vGDUjB1wk5pRU6mXr+Glcjxt9/dtyAhx5xJeYISG6phHKXoK4pJiRtGRFgoQIj9CAdBX1kUdEL8l/ksJDpTjQDbh6voS5+rcjQZ4QsWcrZ37tfC0T/6t1I+le9BLqh5EkPp4sciMGZQCzWKBDOcGSxYogzKm6FeIh4ghLFd7Mlmw2F65IVTLmfA6LpHVSM89qp3cqoiswQREcgDKoAhOcgzq4AQ3QBBg8ghfwCt60Z+1d+9A+J9aCNu3ZBzPQvn4A346mjw==</latexit>

r� = M�(r)

<latexit sha1_base64="7F+3awuly6y0Xan3lNBeMdzBf3Y=">AAACCHicbVDLSsNAFL2pr1pfVZduhhZBEEoioi6LblxWsA9oQplMJ+3QySTMTISQ9gdci1v9BHfi1r/oF/gbTh8L23rgwuGc++L4MWdK2/bYyq2tb2xu5bcLO7t7+wfFw6OGihJJaJ1EPJItHyvKmaB1zTSnrVhSHPqcNv3B3cRvPlGpWCQedRpTL8Q9wQJGsDaS6w6lO+y4TAQ67RTLdsWeAq0SZ07K1ZJ7/jKuprVO8cftRiQJqdCEY6Xajh1rL8NSM8LpqOAmisaYDHCPtg0VOKTKy6Y/j9CpUbooiKQpodFU/TuR4VCpNPRNZ4h1Xy17E/E/r53o4MbLmIgTTQWZHQoSjnSEJgGgLpOUaJ4agolk5ldE+lhiok1MC1cmu6UK1Mgk4yznsEoaFxXnqnL5YCK6hRnycAIlOAMHrqEK91CDOhCI4RXe4N16tj6sT+tr1pqz5jPHsADr+xdOqp5g</latexit>

krk1

<latexit sha1_base64="lHjvxkR8pGN5Iw4nr9caJsmaM5k=">AAACDXicbVDLSsNAFJ3UV62PRl26GVoEQSyJiLosunFZwT6gCWEynbRDJ5MwMxFC2m9w486tfoI7ces39Av8DSdtF7b1wIXDOffF8WNGpbKsiVFYW9/Y3Cpul3Z29/bL5sFhS0aJwKSJIxaJjo8kYZSTpqKKkU4sCAp9Rtr+8C73209ESBrxR5XGxA1Rn9OAYqS05JllZySckZedO5QHKh17ZtWqWVPAVWLPSbVecc5eJvW04Zk/Ti/CSUi4wgxJ2bWtWLkZEopiRsYlJ5EkRniI+qSrKUchkW42fXwMT7TSg0EkdHEFp+rfiQyFUqahrztDpAZy2cvF/7xuooIbN6M8ThTheHYoSBhUEcxTgD0qCFYs1QRhQfWvEA+QQFjprBau5LuFDGSejL2cwyppXdTsq9rlg47oFsxQBMegAk6BDa5BHdyDBmgCDBLwCt7Au/FsfBifxtestWDMZ47AAozvXxuDn9Q=</latexit>

krk�1

<latexit sha1_base64="B4pb2pYdfhK0HBcOqI6F4sSMdz4="></latexit>

Qb(r) = gj ,

r 2 B

<latexit sha1_base64="ueZAwPR0J+yOWjAcxik30HLcAoc="></latexit>

Qb(r�) = gj,�,

r� 2 B�

• Our approach offers similar
and performances as an ∞-
resolution, conventional ADC, due to

power consumption for a given 
bit budget.

• Our approach is devoid of VGA and 
AGC apparatus, thus enabling 

hardware.

signal-to-quantization-noise 
ratio (SQNR),

− No saturation. 

Reconstruction Algorithm based on Unlimited Sampling Theorem

<latexit sha1_base64="zAYC5/JYIwNzXdCA6W/VNTd59to=">AAACEnicdVDLSsNAFJ34rPVV7UZwM1iErkIixdqVBTduhAr2AU0Ik8mkHTp5MDMRSshfuHdbf8GduvUH/AL9CcFpWsGKHhg4nHMfZ64bMyqkYbxpS8srq2vrhY3i5tb2zm5pb78jooRj0sYRi3jPRYIwGpK2pJKRXswJClxGuu7oYup3bwkXNApv5DgmdoAGIfUpRlJJTqlsBUgOBebpVeZYTDV6yClVDL2RA85IvTYnDROaupGjcv75HL0fTIKWU/qwvAgnAQklZkiIvmnE0k4RlxQzkhWtRJAY4REakL6iIQqIsNM8fAaPleJBP+LqhRLm6s+OFAVCjANXVeZRf3tT8S+vn0j/zE5pGCeShHi2yE8YlBGcXgJ6lBMs2VgRhDlVWSEeIo6wVPda2DKdzYUvMqhO8/1/+D/pnOjmqV67NirNKpihAA7BEagCE9RBE1yCFmgDDMbgHkzAg3anPWpP2susdEmb95TBArTXL8Zqo5A=</latexit>

M�

<latexit sha1_base64="JpU1Zmllqa3mwpinxLmZrHM6/TM=">AAAB/nicdVDLSsNAFJ34bOur6tLNYBHcGBIp1u6Kbly2YB/YhjKZTtqhk0mYmYglFNy71YU/4E669Vf8A/9CJ0kFK3pg4HDOvXPvPW7IqFSW9W4sLa+srq3n8oWNza3tneLuXksGkcCkiQMWiI6LJGGUk6aiipFOKAjyXUba7vgy8du3REga8Gs1CYnjoyGnHsVIaalx0i+WLLOaAmakUp6Tqg1t00pRquXD55vZ3We9X/zoDQIc+YQrzJCUXdsKlRMjoShmZFroRZKECI/RkHQ15cgn0onTRafwSCsD6AVCP65gqv7siJEv5cR3daWP1Ej+9hLxL68bKe/ciSkPI0U4zgZ5EYMqgMnVcEAFwYpNNEFYUL0rxCMkEFY6m4Upyd9CenIKdTTf98P/SevUtM/MckNndAEy5MABOATHwAYVUANXoA6aAAMCHsAjeDLujRfj1ZhlpUvGvGcfLMB4+wJsKZqU</latexit>�

<latexit sha1_base64="VLl4csEIhCBZQpCM83mhOIerJIs=">AAACCXicdVDLSsNAFJ3UV62vqks3g63QVUhKsXZXcOOyon1AE8pkOmmHTiZhZiKUkC9w71Z/wZ249Sv8Az/DSRpBRQ8MHM59nTlexKhUlvVulNbWNza3ytuVnd29/YPq4dFAhrHApI9DFoqRhyRhlJO+ooqRUSQICjxGht7iMqsP74iQNOS3ahkRN0AzTn2KkdKSU3cCpObST27S+qRas8xODrgi7VZBOja0TStHDRToTaofzjTEcUC4wgxJObatSLkJEopiRtKKE0sSIbxAMzLWlKOASDfJPafwTCtT6IdCP65grn6fSFAg5TLwdGdu8XctE/+qjWPlX7gJ5VGsCMerQ37MoAphFgCcUkGwYktNEBZUe4V4jgTCSsf040q2W0hfplBH8/V/+D8ZNE373GxdN2vdRhFSGZyAU9AANmiDLrgCPdAHGETgATyCJ+PeeDZejNdVa8koZo7BDxhvn3amm10=</latexit>

S

<latexit sha1_base64="TU0JdLXKsfPURzLW4sKxb7GxweY=">AAACBnicbVA5SwNBGJ2NV4xX1NJmMATEIuwG0ZQBG8sI5pBkCbOT2WTIHMvMrBCW9Pa2WtmnE1v/hr2IP8PZJIVJfDDweO+75gURo9q47qeTWVvf2NzKbud2dvf2D/KHRw0tY4VJHUsmVStAmjAqSN1Qw0grUgTxgJFmMLxO/eYDUZpKcWdGEfE56gsaUoyMle47Ae3LiMW6my+4JXcKuEq8OSlUz1+/ipPvcq2b/+n0JI45EQYzpHXbcyPjJ0gZihkZ5zqxJhHCQ9QnbUsF4kT7yfTgMSxapQdDqewTBk7Vvx0J4lqPeGArOTIDveyl4n9eOzZhxU+oiGJDBJ4tCmMGjYTp72GPKoING1mCsKL2VogHSCFsbEYLW9LZSod6DG003nIQq6RRLnmXpYtbm1EFzJAFJ+AUnAEPXIEquAE1UAcYcPAEnsGL8+hMnDfnfVaaceY9x2ABzscvihCd5Q==</latexit>M

<latexit sha1_base64="TU0JdLXKsfPURzLW4sKxb7GxweY=">AAACBnicbVA5SwNBGJ2NV4xX1NJmMATEIuwG0ZQBG8sI5pBkCbOT2WTIHMvMrBCW9Pa2WtmnE1v/hr2IP8PZJIVJfDDweO+75gURo9q47qeTWVvf2NzKbud2dvf2D/KHRw0tY4VJHUsmVStAmjAqSN1Qw0grUgTxgJFmMLxO/eYDUZpKcWdGEfE56gsaUoyMle47Ae3LiMW6my+4JXcKuEq8OSlUz1+/ipPvcq2b/+n0JI45EQYzpHXbcyPjJ0gZihkZ5zqxJhHCQ9QnbUsF4kT7yfTgMSxapQdDqewTBk7Vvx0J4lqPeGArOTIDveyl4n9eOzZhxU+oiGJDBJ4tCmMGjYTp72GPKoING1mCsKL2VogHSCFsbEYLW9LZSod6DG003nIQq6RRLnmXpYtbm1EFzJAFJ+AUnAEPXIEquAE1UAcYcPAEnsGL8+hMnDfnfVaaceY9x2ABzscvihCd5Q==</latexit>M

<latexit sha1_base64="VLl4csEIhCBZQpCM83mhOIerJIs=">AAACCXicdVDLSsNAFJ3UV62vqks3g63QVUhKsXZXcOOyon1AE8pkOmmHTiZhZiKUkC9w71Z/wZ249Sv8Az/DSRpBRQ8MHM59nTlexKhUlvVulNbWNza3ytuVnd29/YPq4dFAhrHApI9DFoqRhyRhlJO+ooqRUSQICjxGht7iMqsP74iQNOS3ahkRN0AzTn2KkdKSU3cCpObST27S+qRas8xODrgi7VZBOja0TStHDRToTaofzjTEcUC4wgxJObatSLkJEopiRtKKE0sSIbxAMzLWlKOASDfJPafwTCtT6IdCP65grn6fSFAg5TLwdGdu8XctE/+qjWPlX7gJ5VGsCMerQ37MoAphFgCcUkGwYktNEBZUe4V4jgTCSsf040q2W0hfplBH8/V/+D8ZNE373GxdN2vdRhFSGZyAU9AANmiDLrgCPdAHGETgATyCJ+PeeDZejNdVa8koZo7BDxhvn3amm10=</latexit>

S
<latexit sha1_base64="VZwQEKyLftsbpN2Exx6VVwduAdk="></latexit>

2�
l
1
2

j
(·)
�

km
(L-1) Iterations

<latexit sha1_base64="yxxVkMaXVTJdoNrMP35HRCmKltM=">AAACH3icbVDLTsJAFJ3iC/FVdOmmgZhgTEhrjLokunGJCSAJJWQ6vYUJ00dmppKm6V+4deFGP8WdccuXuHUKLAQ8ySQn59zXHCdiVEjTnGqFjc2t7Z3ibmlv/+DwSC8fd0QYcwJtErKQdx0sgNEA2pJKBt2IA/YdBk/O+D73n56BCxoGLZlE0PfxMKAeJVgqaaCX7Ql1QVLmQsqz2rh1PtCrZt2cwVgn1oJUGxX74mXaSJoD/cd2QxL7EEjCsBA9y4xkP8VcUsIgK9mxgAiTMR5CT9EA+yD66ez0zDhTimt4IVcvkMZM/duRYl+IxHdUpY/lSKx6ufif14uld9tPaRDFEgIyX+TFzJChkedguJQDkSxRBBNO1a0GGWGOiVRpLW3JZ3PhiaWfpI6fqaSs1VzWSeeybl3Xrx5VZHdojiI6RRVUQxa6QQ30gJqojQiaoFf0jj60N+1T+9K+56UFbdFzgpagTX8BYsqm8w==</latexit>

er(kT )

<latexit sha1_base64="hBgYTQXszI0uyXS5SVNcLeyxXvI=">AAACBnicbVDLSgMxFM34rPVVdSlIsAiuykwR7c6CG5ct2Ie0Q8lkMm1okhmSTKEMXQru3eovuBO7En/DPxD8CTNtF7b1QOBw7rmPHC9iVGnb/rJWVtfWNzYzW9ntnd29/dzBYV2FscSkhkMWyqaHFGFUkJqmmpFmJAniHiMNr3+T1hsDIhUNxZ0eRsTlqCtoQDHSRrovDtrMmH3UyeXtgj0BXCbOjOSvP8bVn4eTcaWT+277IY45ERozpFTLsSPtJkhqihkZZduxIhHCfdQlLUMF4kS5yeTgETwzig+DUJonNJyofzsSxJUacs84OdI9tVhLxf9qrVgHJTehIoo1EXi6KIgZ1CFMfw99KgnWbGgIwpKaWyHuIYmwNhnNbUlnSxWoETTROItBLJN6seBcFi6qdr5cAlNkwDE4BefAAVegDG5BBdQABhw8gWfwYj1ar9ab9T61rlizniMwB+vzF5bvnfk=</latexit>

2v�

<latexit sha1_base64="Z+iZn5sCtdL2P3vND64IO8QXWgg=">AAACB3icbVDLSgMxFL1TX7W+qi4VCRbBVZkRUZdFNy5bsA9ph5JJM21oJjMmGaEMXbpw7Va/wZ1062f4CeJPmGm7sK0HAodzz33keBFnStv2l5VZWl5ZXcuu5zY2t7Z38rt7NRXGktAqCXkoGx5WlDNBq5ppThuRpDjwOK17/Zu0Xn+kUrFQ3OlBRN0AdwXzGcHaSPcP7RY35g5u5wt20R4DLRJnSgqlw1Hl5+loVG7nv1udkMQBFZpwrFTTsSPtJlhqRjgd5lqxohEmfdylTUMFDqhyk/HBQ3RilA7yQ2me0Gis/u1IcKDUIPCMM8C6p+ZrqfhfrRlr/8pNmIhiTQWZLPJjjnSI0t+jDpOUaD4wBBPJzK2I9LDERJuMZraks6Xy1RDlTDbOfBKLpHZWdC6K5xUT0jVMkIUDOIZTcOASSnALZagCgQBe4BXerGfr3fqwRhNrxpr27MMMrM9fhhOdmg==</latexit>q�
<latexit sha1_base64="zXpNd5ES5tAPhtYujkaKrcyuraA=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegHjx4iGAekqxhdtKbDJnZXWZmhbDkK7x4UMSrn+PNv3HyOGhiQUNR1U13V5AIro3rfju5peWV1bX8emFjc2t7p7i7V9dxqhjWWCxi1QyoRsEjrBluBDYThVQGAhvB4GrsN55QaR5H92aYoC9pL+IhZ9RY6aF9jcJQ8njbKZbcsjsBWSTejJRghmqn+NXuxiyVGBkmqNYtz02Mn1FlOBM4KrRTjQllA9rDlqURlaj9bHLwiBxZpUvCWNmKDJmovycyKrUeysB2Smr6et4bi/95rdSEF37GoyQ1GLHpojAVxMRk/D3pcoXMiKEllClubyWsTxVlxmZUsCF48y8vkvpJ2Tsrn96dliqXszjycACHcAwenEMFbqAKNWAg4Rle4c1Rzovz7nxMW3PObGYf/sD5/AEMAI/t</latexit>

�L

<latexit sha1_base64="BVRIW6hcoFVM8f28IkVMT43Uh5Y=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBZBEEoiRV0W3bisYB+QxDKZTtqhkwczE6XEfIobF4q49Uvc+TdO2yy09cCFwzn3cu89fsKZVJb1bZRWVtfWN8qbla3tnd09s7rfkXEqCG2TmMei52NJOYtoWzHFaS8RFIc+p11/fD31uw9USBZHd2qSUC/Ew4gFjGClpb5ZlfeZmyF+aiM3R7kz9vpmzapbM6BlYhekBgVaffPLHcQkDWmkCMdSOraVKC/DQjHCaV5xU0kTTMZ4SB1NIxxS6WWz03N0rJUBCmKhK1Jopv6eyHAo5ST0dWeI1UguelPxP89JVXDpZSxKUkUjMl8UpBypGE1zQAMmKFF8ogkmgulbERlhgYnSaVV0CPbiy8ukc1a3z+uN20ateVXEUYZDOIITsOECmnADLWgDgUd4hld4M56MF+Pd+Ji3loxi5gD+wPj8AecvkyI=</latexit>

s{l+1}[k]

<latexit sha1_base64="uD1P8CuF/rJl4mvLlXI5eoUO2J4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4sSRS1GXRjQsXFewDklgm00k7dPJgZqKUmE9x40IRt36JO//GaZuFth64cDjnXu69x084k8qyvo2l5ZXVtfXSRnlza3tn16zstWWcCkJbJOax6PpYUs4i2lJMcdpNBMWhz2nHH11N/M4DFZLF0Z0aJ9QL8SBiASNYaalnVuR95mbo5sRGbo5yZ+T1zKpVs6ZAi8QuSBUKNHvml9uPSRrSSBGOpXRsK1FehoVihNO87KaSJpiM8IA6mkY4pNLLpqfn6EgrfRTEQlek0FT9PZHhUMpx6OvOEKuhnPcm4n+ek6rgwstYlKSKRmS2KEg5UjGa5ID6TFCi+FgTTATTtyIyxAITpdMq6xDs+ZcXSfu0Zp/V6rf1auOyiKMEB3AIx2DDOTTgGprQAgKP8Ayv8GY8GS/Gu/Exa10yipl9+APj8we4iZME</latexit>

s{L�1}[k]
<latexit sha1_base64="6x38LKJnyj9NDX+ioCMNCdi11BE=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiRT0WvXisYD8gjWWz3bRLN5uwuxFqyC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzgoQzpR3n2yqtrW9sbpW3Kzu7e/tV++Cwo+JUEtomMY9lL8CKciZoWzPNaS+RFEcBp91gcjPzu49UKhaLez1NqB/hkWAhI1gbaWBX1UPWz5CD+jnKvYk/sGtO3ZkDrRK3IDUo0BrYX/1hTNKICk04VspznUT7GZaaEU7zSj9VNMFkgkfUM1TgiCo/mx+eo1OjDFEYS1NCo7n6eyLDkVLTKDCdEdZjtezNxP88L9XhlZ8xkaSaCrJYFKYc6RjNUkBDJinRfGoIJpKZWxEZY4mJNllVTAju8surpHNedy/qjbtGrXldxFGGYziBM3DhEppwCy1oA4EUnuEV3qwn68V6tz4WrSWrmDmCP7A+fwCsN5J2</latexit>

s{0}[k]

<latexit sha1_base64="wDbQas3bGMrwYM/XR6jArs1Ocek=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpRV0W3bisYB/QxHIzmbRDJw9mJkIJwY2/4saFIm79Cnf+jdM2C209MHA451zu3OMlnEllWd9GaWV1bX2jvFnZ2t7Z3TP3DzoyTgWhbRLzWPQ8kJSziLYVU5z2EkEh9DjteuPrqd99oEKyOLpTk4S6IQwjFjACSksD86jucJ32ATtjSBK4z5wMc+zk+cCsWjVrBrxM7IJUUYHWwPxy/JikIY0U4SBl37YS5WYgFCOc5hUnlTQBMoYh7WsaQUilm81OyPGpVnwcxEK/SOGZ+nsig1DKSejpZAhqJBe9qfif109VcOlmLEpSRSMyXxSkHKsYT/vAPhOUKD7RBIhg+q+YjEAAUbq1ii7BXjx5mXTqNfu81rhtVJtXRR1ldIxO0Bmy0QVqohvUQm1E0CN6Rq/ozXgyXox342MeLRnFzCH6A+PzB3Raltg=</latexit>

2�{l}

[1] A. Bhandari, F. Krahmer, and R. Raskar, “On 
unlimited sampling and reconstruction,” IEEE Trans. 
Sig. Proc., vol. 69, pp. 3827–3839, Dec. 2020.

Conclusion
Our     MIMO approach can tackle the two challenges simultaneously. The distinguishing features of our work include
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• leveraging higher signal-to-quantization noise ratio (SQNR),
• approaching the detection and average uplink sum-rate performances comparable to an ∞-bit resolution, 

conventional ADC, with a very few bit        ADC, This enables higher order modulation schemes (e.g., 1024 QAM) 
that seemed previously impossible.

• higher power efficiency attributing to a superior trade-off between energy efficiency and bit budget.
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• Unlimited Sampling Theorem1: Let         be a continuous-time function with maximum frequency     (rads/s). Then, a sufficient condition for recovery 
of         from its modulo samples (up to an additive constant) taken every     seconds apart is                       where is Euler's number.
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Hardware Experiments and Simulation Results

Achievable Sum-rate Analysis

− Based on the observation that the modulo and the finite-difference operators 
commute in a certain sense1.

− Extracting the higher-order differences of unfolded signal from its modulo samples.
− Stably inverting the difference-operator.

• Recovery from Modulo Samples:
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• Uplink sum-rate per cell vs the number of 
BS antennas with 10 users.

• (a) Uplink sum-rate vs ADC bit  , (b) 
Energy efficiency vs ADC bit  .
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High power efficiency

Comparable to ∞-bit conventional 
ADC

• Hardware experiments and actual recovery results.

Comparable to ∞-bit conventional ADC

• The quantized received signal is given by
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!)• The ergodic achievable uplink rate of the      user
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<latexit sha1_base64="Y/8acScyk2eQMx+jFfMPENzSCFs=">AAACInicbVC7TsMwFHXKq5RXgZHFokJiqhKEoGMlFsYi0YfURJXjOK1Vxw62g1RF+QD+g50VfoENMSHxAXwGTpqBtlzJ8tE59/oeHz9mVGnb/rIqa+sbm1vV7drO7t7+Qf3wqKdEIjHpYsGEHPhIEUY56WqqGRnEkqDIZ6TvT29yvf9IpKKC3+tZTLwIjTkNKUbaUKN6w/UFC9QsMlfqklhRJng2St0I6YkK04csg6bLbtpFwVXglKAByuqM6j9uIHASEa4xQ0oNHTvWXoqkppiRrOYmisQIT9GYDA3kKCLKS4vPZPDMMAEMhTSHa1iwfydSFKncr+ksPC5rOfmfNkx02PJSyuNEE47ni8KEQS1gngwMqCRYs5kBCEtqvEI8QRJhbfJb2JK/LVWospqJxlkOYhX0LprOVfPy7rLRbpUhVcEJOAXnwAHXoA1uQQd0AQZP4AW8gjfr2Xq3PqzPeWvFKmeOwUJZ37+S+KYL</latexit>✏q− : additive Gaussian quantization noise− : average transmitted power of each user<latexit sha1_base64="ERFoYG1szDDPovSF1Rmy/f5zDDI=">AAACCXicbVDLSgMxFM3UV62vqks3wSK4KjMi2mXBjcsK9gGdoWTSTBuaZEKSEcowX+Derf6CO3HrV/gHfoaZ6Sxs64ELh3Pu5R5OKBnVxnW/ncrG5tb2TnW3trd/cHhUPz7p6ThRmHRxzGI1CJEmjArSNdQwMpCKIB4y0g9nd7nffyJK01g8mrkkAUcTQSOKkbGSL0c+R2aqeJpko3rDbboF4DrxStIAJTqj+o8/jnHCiTCYIa2HnitNkCJlKGYkq/mJJhLhGZqQoaUCcaKDtMicwQurjGEUKzvCwEL9e5EirvWch3YzT6hXvVz8zxsmJmoFKRUyMUTgxaMoYdDEMC8Ajqki2LC5JQgrarNCPEUKYWNrWvpSNKMjndVsNd5qEeukd9X0bprXD9eNdqssqQrOwDm4BB64BW1wDzqgCzCQ4AW8gjfn2Xl3PpzPxWrFKW9OwRKcr1+qqJt1</latexit>pu

− : signal power
<latexit sha1_base64="lockvAMtjzCc6/2x36CIPTwPjdM=">AAACC3icbVDLSsNAFL2pr1pfVZduBovgqiSlaJcFNy4r2Ae0aZlMJ+3QySTMTIQS8gnu3eovuBO3foR/4Gc4abOwrQcuHM65L44Xcaa0bX9bha3tnd294n7p4PDo+KR8etZRYSwJbZOQh7LnYUU5E7Stmea0F0mKA4/Trje7y/zuE5WKheJRzyPqBngimM8I1kYaDhSbBHiUyHSY1NJRuWJX7QXQJnFyUoEcrVH5ZzAOSRxQoQnHSvUdO9JugqVmhNO0NIgVjTCZ4QntGypwQJWbLL5O0ZVRxsgPpSmh0UL9O5HgQKl54JnOAOupWvcy8T+vH2u/4SZMRLGmgiwP+TFHOkRZBGjMJCWazw3BRDLzKyJTLDHRJqiVK9luqXyVlkw0znoQm6RTqzo31fpDvdJs5CEV4QIu4RocuIUm3EML2kBAwgu8wpv1bL1bH9bnsrVg5TPnsALr6xf6oZwm</latexit>

�2
r

− and : quantization noise variances of        ADC and conventional ADC.
<latexit sha1_base64="WImHc1iRhRVEqK99WemM5Hvvwik=">AAACHXicbVDLSsNAFJ34rPUVdSnIYBFcSElK0S4LblxWsA9oYphMJu3QycOZiVBCdv6He7f6C+7ErfgHfoaTNAvbemDgcO499945bsyokIbxra2srq1vbFa2qts7u3v7+sFhT0QJx6SLIxbxgYsEYTQkXUklI4OYExS4jPTdyXVe7z8SLmgU3slpTOwAjULqU4ykkhz9xBJ0FCAntQIkx8JPHy6gxZTfQ1l233D0mlE3CsBlYpakBkp0HP3H8iKcBCSUmCEhhqYRSztFXFLMSFa1EkFihCdoRIaKhiggwk6Lf2TwTCke9COuXihhof51pCgQYhq4qrO4drGWi//Vhon0W3ZKwziRJMSzRX7CoIxgHgr0KCdYsqkiCHOqboV4jDjCUkU3tyWfzYUvsqqKxlwMYpn0GnXzst68bdbarTKkCjgGp+AcmOAKtMEN6IAuwOAJvIBX8KY9a+/ah/Y5a13RSs8RmIP29QvFGKLe</latexit>

�2
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<latexit sha1_base64="wah4rIvkLz+kPcnxAnUBomdOh7k=">AAACFHicbVDLSsNAFJ34rPUVFVdugkVwVZJStMuCG5cV7AOaGCbTSTt0ZhJnJkIJ+Q33bvUX3Ilb9/6Bn+EkzcK2Hhg4nHPv3MMJYkqksu1vY219Y3Nru7JT3d3bPzg0j457MkoEwl0U0UgMAigxJRx3FVEUD2KBIQso7gfTm9zvP2EhScTv1SzGHoNjTkKCoNKSb566kowZ9FOXQTWRYfqYZQ8N36zZdbuAtUqcktRAiY5v/rijCCUMc4UolHLo2LHyUigUQRRnVTeROIZoCsd4qCmHDEsvLeJn1oVWRlYYCf24sgr170YKmZQzFujJIuSyl4v/ecNEhS0vJTxOFOZofihMqKUiK+/CGhGBkaIzTSASRGe10AQKiJRubOFK/reQocyquhpnuYhV0mvUnat6865Za7fKkirgDJyDS+CAa9AGt6ADugCBFLyAV/BmPBvvxofxOR9dM8qdE7AA4+sXQoafew==</latexit>
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<latexit sha1_base64="9NdEI38Z44FsWY8l86IypsJ3u48=">AAACE3icbVDLSsNAFJ34rPUVHzs3g0VwY0mkaJcFN26ECvYBTQiT6aQdOpmEmYlQQz7DvVv9BXfi1g/wD/wMJ2kWtvXAwOGce+cejh8zKpVlfRsrq2vrG5uVrer2zu7evnlw2JVRIjDp4IhFou8jSRjlpKOoYqQfC4JCn5GeP7nJ/d4jEZJG/EFNY+KGaMRpQDFSWvLMYydEaiyxSO8yz2F6cYguPLNm1a0CcJnYJamBEm3P/HGGEU5CwhVmSMqBbcXKTZFQFDOSVZ1EkhjhCRqRgaYchUS6aZE+g2daGcIgEvpxBQv170aKQimnoa8ni6yLXi7+5w0SFTTdlPI4UYTj2aEgYVBFMK8CDqkgWLGpJggLqrNCPEYCYaULm7uS/y1kILOqrsZeLGKZdC/r9lW9cd+otZplSRVwAk7BObDBNWiBW9AGHYDBE3gBr+DNeDbejQ/jcza6YpQ7R2AOxtcv4LOesQ==</latexit>

M��

<latexit sha1_base64="TKB5fqPP0/ZbAEwdIHvKAmHpkto="></latexit>
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<latexit sha1_base64="0xzb5p+07BpqQqD+jw/sUjy95JE="></latexit>
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q,� = ⇣2�2

q−


