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BACKGROUND: INTEGRATED SENSING AND COMMUNICATION WITH I.I.D. STATES

▶ Integrated Sensing and Communication MODEL

▶ Metrics: 


▶ Reduces again to a rate-distortion tradeoff problem

▶ No prediction capability (state is i.i.d.)

▶ Tradeoff governed by type of codewords
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📚An Information-Theoretic Approach to Joint Sensing and Communication, Ahmadipour, Kobayashi, Wigger, Caire, IEEE Transactions on Information Theory, May 
2022


📚 An Information-Theoretic Approach to Collaborative Integrated Sensing and Communication for Two-Transmitter Systems, Mehrasa Ahmadipour and Michèle 
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BACKGROUND: INTEGRATED SENSING AND COMMUNICATION WITH FIXED STATE

▶ Integrated Sensing and Communication MODEL

▶ State-dependent Discrete Memoryless Channel (Compound Channel) with state

▶ Encoder:                                                      , decoder:                            , estimator: 


▶ Performance Metrics

▶ Communication and detection error probability: 


▶ Rate:                           and detection error exponent
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|S| < 1
<latexit sha1_base64="dOOWEBOv7co0qjK6TtEAcNPpN2o=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE0IWLohuXFe0DmlAm00k7dDIJMzdCTIu/4saFIm79D3f+jZM2C209MHA4517umePHnCmw7W+jtLS8srpWXq9sbG5t75i7ey0VJZLQJol4JDs+VpQzQZvAgNNOLCkOfU7b/ug699sPVCoWiXtIY+qFeCBYwAgGLfXMg7EbYhgSzLO7yfjSZSKAtGdW7Zo9hbVInIJUUYFGz/xy+xFJQiqAcKxU17Fj8DIsgRFOJxU3UTTGZIQHtKupwCFVXjZNP7GOtdK3gkjqJ8Caqr83MhwqlYa+nsyjqnkvF//zugkEF17GRJwAFWR2KEi4BZGVV2H1maQEeKoJJpLprBYZYokJ6MIqugRn/suLpHVac+yac3tWrV8VdZTRITpCJ8hB56iOblADNRFBj+gZvaI348l4Md6Nj9loySh29tEfGJ8/L1qVrg==</latexit><latexit sha1_base64="dOOWEBOv7co0qjK6TtEAcNPpN2o=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE0IWLohuXFe0DmlAm00k7dDIJMzdCTIu/4saFIm79D3f+jZM2C209MHA4517umePHnCmw7W+jtLS8srpWXq9sbG5t75i7ey0VJZLQJol4JDs+VpQzQZvAgNNOLCkOfU7b/ug699sPVCoWiXtIY+qFeCBYwAgGLfXMg7EbYhgSzLO7yfjSZSKAtGdW7Zo9hbVInIJUUYFGz/xy+xFJQiqAcKxU17Fj8DIsgRFOJxU3UTTGZIQHtKupwCFVXjZNP7GOtdK3gkjqJ8Caqr83MhwqlYa+nsyjqnkvF//zugkEF17GRJwAFWR2KEi4BZGVV2H1maQEeKoJJpLprBYZYokJ6MIqugRn/suLpHVac+yac3tWrV8VdZTRITpCJ8hB56iOblADNRFBj+gZvaI348l4Md6Nj9loySh29tEfGJ8/L1qVrg==</latexit><latexit sha1_base64="dOOWEBOv7co0qjK6TtEAcNPpN2o=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE0IWLohuXFe0DmlAm00k7dDIJMzdCTIu/4saFIm79D3f+jZM2C209MHA4517umePHnCmw7W+jtLS8srpWXq9sbG5t75i7ey0VJZLQJol4JDs+VpQzQZvAgNNOLCkOfU7b/ug699sPVCoWiXtIY+qFeCBYwAgGLfXMg7EbYhgSzLO7yfjSZSKAtGdW7Zo9hbVInIJUUYFGz/xy+xFJQiqAcKxU17Fj8DIsgRFOJxU3UTTGZIQHtKupwCFVXjZNP7GOtdK3gkjqJ8Caqr83MhwqlYa+nsyjqnkvF//zugkEF17GRJwAFWR2KEi4BZGVV2H1maQEeKoJJpLprBYZYokJ6MIqugRn/suLpHVac+yac3tWrV8VdZTRITpCJ8hB56iOblADNRFBj+gZvaI348l4Md6Nj9loySh29tEfGJ8/L1qVrg==</latexit><latexit sha1_base64="dOOWEBOv7co0qjK6TtEAcNPpN2o=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRbBVUlE0IWLohuXFe0DmlAm00k7dDIJMzdCTIu/4saFIm79D3f+jZM2C209MHA4517umePHnCmw7W+jtLS8srpWXq9sbG5t75i7ey0VJZLQJol4JDs+VpQzQZvAgNNOLCkOfU7b/ug699sPVCoWiXtIY+qFeCBYwAgGLfXMg7EbYhgSzLO7yfjSZSKAtGdW7Zo9hbVInIJUUYFGz/xy+xFJQiqAcKxU17Fj8DIsgRFOJxU3UTTGZIQHtKupwCFVXjZNP7GOtdK3gkjqJ8Caqr83MhwqlYa+nsyjqnkvF//zugkEF17GRJwAFWR2KEi4BZGVV2H1maQEeKoJJpLprBYZYokJ6MIqugRn/suLpHVac+yac3tWrV8VdZTRITpCJ8hB56iOblADNRFBj+gZvaI348l4Md6Nj9loySh29tEfGJ8/L1qVrg==</latexit>

s 2 S
<latexit sha1_base64="wvwHTpeUtqiYCS37FNM2GAmPZY0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2gc0oUymk3boZBJmJkIM/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3n7dPjjsqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hR+75FKxWLxoLOE+hEeCxYygrWRhnZdeUx4EdYTgnl+PxvaDafpzIFWiVuSBpRoD+0vbxSTNKJCE46VGrhOov0cS80Ip7OalyqaYDLFYzowVOCIKj+fB5+hU6OMUBhL84RGc/X3Ro4jpbIoMJNFRLXsFeJ/3iDV4ZWfM5GkmgqyOBSmHOkYFS2gEZOUaJ4ZgolkJisiEywx0aarminBXf7yKumeN12n6d5dNFrXZR1VOIYTOAMXLqEFt9CGDhBI4Rle4c16sl6sd+tjMVqxyp0j+APr8wcruZNo</latexit><latexit sha1_base64="wvwHTpeUtqiYCS37FNM2GAmPZY0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2gc0oUymk3boZBJmJkIM/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3n7dPjjsqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hR+75FKxWLxoLOE+hEeCxYygrWRhnZdeUx4EdYTgnl+PxvaDafpzIFWiVuSBpRoD+0vbxSTNKJCE46VGrhOov0cS80Ip7OalyqaYDLFYzowVOCIKj+fB5+hU6OMUBhL84RGc/X3Ro4jpbIoMJNFRLXsFeJ/3iDV4ZWfM5GkmgqyOBSmHOkYFS2gEZOUaJ4ZgolkJisiEywx0aarminBXf7yKumeN12n6d5dNFrXZR1VOIYTOAMXLqEFt9CGDhBI4Rle4c16sl6sd+tjMVqxyp0j+APr8wcruZNo</latexit><latexit sha1_base64="wvwHTpeUtqiYCS37FNM2GAmPZY0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2gc0oUymk3boZBJmJkIM/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3n7dPjjsqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hR+75FKxWLxoLOE+hEeCxYygrWRhnZdeUx4EdYTgnl+PxvaDafpzIFWiVuSBpRoD+0vbxSTNKJCE46VGrhOov0cS80Ip7OalyqaYDLFYzowVOCIKj+fB5+hU6OMUBhL84RGc/X3Ro4jpbIoMJNFRLXsFeJ/3iDV4ZWfM5GkmgqyOBSmHOkYFS2gEZOUaJ4ZgolkJisiEywx0aarminBXf7yKumeN12n6d5dNFrXZR1VOIYTOAMXLqEFt9CGDhBI4Rle4c16sl6sd+tjMVqxyp0j+APr8wcruZNo</latexit><latexit sha1_base64="wvwHTpeUtqiYCS37FNM2GAmPZY0=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURQZdFNy4r2gc0oUymk3boZBJmJkIM/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tipr6xubW9Xt2s7u3n7dPjjsqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hR+75FKxWLxoLOE+hEeCxYygrWRhnZdeUx4EdYTgnl+PxvaDafpzIFWiVuSBpRoD+0vbxSTNKJCE46VGrhOov0cS80Ip7OalyqaYDLFYzowVOCIKj+fB5+hU6OMUBhL84RGc/X3Ro4jpbIoMJNFRLXsFeJ/3iDV4ZWfM5GkmgqyOBSmHOkYFS2gEZOUaJ4ZgolkJisiEywx0aarminBXf7yKumeN12n6d5dNFrXZR1VOIYTOAMXLqEFt9CGDhBI4Rle4c16sl6sd+tjMVqxyp0j+APr8wcruZNo</latexit>

h : Yn ! [1;M ]
<latexit sha1_base64="UE/3tYeqGRPShjR0nXZJU1WRqQA=">AAACAnicbVDLSsNAFL2pr1pfVVfiZrAIrkoigqKbohs3QgX7kCSWyXTSDp1MwsxEKKG48VfcuFDErV/hzr9xWrPQ1gMDh3PuZe45QcKZ0rb9ZRXm5hcWl4rLpZXVtfWN8uZWU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB4GLst+6pVCwWN3qYUD/CPcFCRrA2Uqe80z/1Iqz7BPPsdnQnkKdj5DpnV36nXLGr9gRoljg5qUCOeqf86XVjkkZUaMKxUq5jJ9rPsNSMcDoqeamiCSYD3KOuoQJHVPnZJMII7Ruli8JYmic0mqi/NzIcKTWMAjM5PldNe2PxP89NdXjiZ0wkqaaC/HwUphyZmOM+UJdJSjQfGoKJZOZWRPpYYqJNayVTgjMdeZY0D6uOXXWujyq187yOIuzCHhyAA8dQg0uoQwMIPMATvMCr9Wg9W2/W+89owcp3tuEPrI9vDc2Wig==</latexit><latexit sha1_base64="UE/3tYeqGRPShjR0nXZJU1WRqQA=">AAACAnicbVDLSsNAFL2pr1pfVVfiZrAIrkoigqKbohs3QgX7kCSWyXTSDp1MwsxEKKG48VfcuFDErV/hzr9xWrPQ1gMDh3PuZe45QcKZ0rb9ZRXm5hcWl4rLpZXVtfWN8uZWU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB4GLst+6pVCwWN3qYUD/CPcFCRrA2Uqe80z/1Iqz7BPPsdnQnkKdj5DpnV36nXLGr9gRoljg5qUCOeqf86XVjkkZUaMKxUq5jJ9rPsNSMcDoqeamiCSYD3KOuoQJHVPnZJMII7Ruli8JYmic0mqi/NzIcKTWMAjM5PldNe2PxP89NdXjiZ0wkqaaC/HwUphyZmOM+UJdJSjQfGoKJZOZWRPpYYqJNayVTgjMdeZY0D6uOXXWujyq187yOIuzCHhyAA8dQg0uoQwMIPMATvMCr9Wg9W2/W+89owcp3tuEPrI9vDc2Wig==</latexit><latexit sha1_base64="UE/3tYeqGRPShjR0nXZJU1WRqQA=">AAACAnicbVDLSsNAFL2pr1pfVVfiZrAIrkoigqKbohs3QgX7kCSWyXTSDp1MwsxEKKG48VfcuFDErV/hzr9xWrPQ1gMDh3PuZe45QcKZ0rb9ZRXm5hcWl4rLpZXVtfWN8uZWU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB4GLst+6pVCwWN3qYUD/CPcFCRrA2Uqe80z/1Iqz7BPPsdnQnkKdj5DpnV36nXLGr9gRoljg5qUCOeqf86XVjkkZUaMKxUq5jJ9rPsNSMcDoqeamiCSYD3KOuoQJHVPnZJMII7Ruli8JYmic0mqi/NzIcKTWMAjM5PldNe2PxP89NdXjiZ0wkqaaC/HwUphyZmOM+UJdJSjQfGoKJZOZWRPpYYqJNayVTgjMdeZY0D6uOXXWujyq187yOIuzCHhyAA8dQg0uoQwMIPMATvMCr9Wg9W2/W+89owcp3tuEPrI9vDc2Wig==</latexit><latexit sha1_base64="UE/3tYeqGRPShjR0nXZJU1WRqQA=">AAACAnicbVDLSsNAFL2pr1pfVVfiZrAIrkoigqKbohs3QgX7kCSWyXTSDp1MwsxEKKG48VfcuFDErV/hzr9xWrPQ1gMDh3PuZe45QcKZ0rb9ZRXm5hcWl4rLpZXVtfWN8uZWU8WpJLRBYh7LdoAV5UzQhmaa03YiKY4CTlvB4GLst+6pVCwWN3qYUD/CPcFCRrA2Uqe80z/1Iqz7BPPsdnQnkKdj5DpnV36nXLGr9gRoljg5qUCOeqf86XVjkkZUaMKxUq5jJ9rPsNSMcDoqeamiCSYD3KOuoQJHVPnZJMII7Ruli8JYmic0mqi/NzIcKTWMAjM5PldNe2PxP89NdXjiZ0wkqaaC/HwUphyZmOM+UJdJSjQfGoKJZOZWRPpYYqJNayVTgjMdeZY0D6uOXXWujyq187yOIuzCHhyAA8dQg0uoQwMIPMATvMCr9Wg9W2/W+89owcp3tuEPrI9vDc2Wig==</latexit>

g : Xn ⇥ Zn ! S
<latexit sha1_base64="vFuhgmdLsVnwiaS/lZKUhd29kFI=">AAACG3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJERRXRTcuK9oLNrFMptN26GQSZiZCCX0PN76KGxeKuBJc+DZO2lK09YeBn++cw5zzBzFnSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwWVWbzxQqVgkbvUwpn6Ie4J1GcHaoLZd7p17IdZ9gnnaHN0LT7OQqhm6Mwh5OkIzcjNq20Wn5IyFFo07NUWYqtq2P71ORJKQCk04VqrlOrH2Uyw1I5yOCl6iaIzJAPdoy1iBzQZ+Or5thI4M6aBuJM0TGo3p74kUh0oNw8B0Ziuq+VoG/6u1Et0981Mm4kRTQSYfdROOzLFZUKjDJCWaD43BRDKzKyJ9LDHRJs6CCcGdP3nR1Msl1ym51yfFysU0jjwcwCEcgwunUIErqEINCDzCM7zCm/VkvVjv1sekNWdNZ/bhj6yvH6LcomQ=</latexit><latexit sha1_base64="vFuhgmdLsVnwiaS/lZKUhd29kFI=">AAACG3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJERRXRTcuK9oLNrFMptN26GQSZiZCCX0PN76KGxeKuBJc+DZO2lK09YeBn++cw5zzBzFnSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwWVWbzxQqVgkbvUwpn6Ie4J1GcHaoLZd7p17IdZ9gnnaHN0LT7OQqhm6Mwh5OkIzcjNq20Wn5IyFFo07NUWYqtq2P71ORJKQCk04VqrlOrH2Uyw1I5yOCl6iaIzJAPdoy1iBzQZ+Or5thI4M6aBuJM0TGo3p74kUh0oNw8B0Ziuq+VoG/6u1Et0981Mm4kRTQSYfdROOzLFZUKjDJCWaD43BRDKzKyJ9LDHRJs6CCcGdP3nR1Msl1ym51yfFysU0jjwcwCEcgwunUIErqEINCDzCM7zCm/VkvVjv1sekNWdNZ/bhj6yvH6LcomQ=</latexit><latexit sha1_base64="vFuhgmdLsVnwiaS/lZKUhd29kFI=">AAACG3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJERRXRTcuK9oLNrFMptN26GQSZiZCCX0PN76KGxeKuBJc+DZO2lK09YeBn++cw5zzBzFnSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwWVWbzxQqVgkbvUwpn6Ie4J1GcHaoLZd7p17IdZ9gnnaHN0LT7OQqhm6Mwh5OkIzcjNq20Wn5IyFFo07NUWYqtq2P71ORJKQCk04VqrlOrH2Uyw1I5yOCl6iaIzJAPdoy1iBzQZ+Or5thI4M6aBuJM0TGo3p74kUh0oNw8B0Ziuq+VoG/6u1Et0981Mm4kRTQSYfdROOzLFZUKjDJCWaD43BRDKzKyJ9LDHRJs6CCcGdP3nR1Msl1ym51yfFysU0jjwcwCEcgwunUIErqEINCDzCM7zCm/VkvVjv1sekNWdNZ/bhj6yvH6LcomQ=</latexit><latexit sha1_base64="vFuhgmdLsVnwiaS/lZKUhd29kFI=">AAACG3icbZDLSsNAFIZP6q3WW9Slm8EiuCpJERRXRTcuK9oLNrFMptN26GQSZiZCCX0PN76KGxeKuBJc+DZO2lK09YeBn++cw5zzBzFnSjvOt5VbWl5ZXcuvFzY2t7Z37N29uooSSWiNRDySzQArypmgNc00p81YUhwGnDaCwWVWbzxQqVgkbvUwpn6Ie4J1GcHaoLZd7p17IdZ9gnnaHN0LT7OQqhm6Mwh5OkIzcjNq20Wn5IyFFo07NUWYqtq2P71ORJKQCk04VqrlOrH2Uyw1I5yOCl6iaIzJAPdoy1iBzQZ+Or5thI4M6aBuJM0TGo3p74kUh0oNw8B0Ziuq+VoG/6u1Et0981Mm4kRTQSYfdROOzLFZUKjDJCWaD43BRDKzKyJ9LDHRJs6CCcGdP3nR1Msl1ym51yfFysU0jjwcwCEcgwunUIErqEINCDzCM7zCm/VkvVjv1sekNWdNZ/bhj6yvH6LcomQ=</latexit>

8i 2 [1;n]
<latexit sha1_base64="dn73J/f6PMY2D50Sg4EGHPtLQEY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEUHBTdOOygn1AEspkOmmHTiZhZiKW0F9x40IRt/6IO//GSZuFth4YOJxzL/fMCVPOlHacb6uytr6xuVXdru3s7u0f2If1rkoySWiHJDyR/RArypmgHc00p/1UUhyHnPbCyW3h9x6pVCwRD3qa0iDGI8EiRrA20sCu+1EiMeeI+Uwgz70WwcBuOE1nDrRK3JI0oER7YH/5w4RkMRWacKyU5zqpDnIsNSOczmp+pmiKyQSPqGeowDFVQT7PPkOnRhkiE8I8odFc/b2R41ipaRyayRjrsVr2CvE/z8t0dBXkTKSZpoIsDkUZRzpBRRFoyCQlmk8NwUQykxWRMZaYaFNXzZTgLn95lXTPm67TdO8vGq2bso4qHMMJnIELl9CCO2hDBwg8wTO8wps1s16sd+tjMVqxyp0j+APr8wfeHJOp</latexit><latexit sha1_base64="dn73J/f6PMY2D50Sg4EGHPtLQEY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEUHBTdOOygn1AEspkOmmHTiZhZiKW0F9x40IRt/6IO//GSZuFth4YOJxzL/fMCVPOlHacb6uytr6xuVXdru3s7u0f2If1rkoySWiHJDyR/RArypmgHc00p/1UUhyHnPbCyW3h9x6pVCwRD3qa0iDGI8EiRrA20sCu+1EiMeeI+Uwgz70WwcBuOE1nDrRK3JI0oER7YH/5w4RkMRWacKyU5zqpDnIsNSOczmp+pmiKyQSPqGeowDFVQT7PPkOnRhkiE8I8odFc/b2R41ipaRyayRjrsVr2CvE/z8t0dBXkTKSZpoIsDkUZRzpBRRFoyCQlmk8NwUQykxWRMZaYaFNXzZTgLn95lXTPm67TdO8vGq2bso4qHMMJnIELl9CCO2hDBwg8wTO8wps1s16sd+tjMVqxyp0j+APr8wfeHJOp</latexit><latexit sha1_base64="dn73J/f6PMY2D50Sg4EGHPtLQEY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEUHBTdOOygn1AEspkOmmHTiZhZiKW0F9x40IRt/6IO//GSZuFth4YOJxzL/fMCVPOlHacb6uytr6xuVXdru3s7u0f2If1rkoySWiHJDyR/RArypmgHc00p/1UUhyHnPbCyW3h9x6pVCwRD3qa0iDGI8EiRrA20sCu+1EiMeeI+Uwgz70WwcBuOE1nDrRK3JI0oER7YH/5w4RkMRWacKyU5zqpDnIsNSOczmp+pmiKyQSPqGeowDFVQT7PPkOnRhkiE8I8odFc/b2R41ipaRyayRjrsVr2CvE/z8t0dBXkTKSZpoIsDkUZRzpBRRFoyCQlmk8NwUQykxWRMZaYaFNXzZTgLn95lXTPm67TdO8vGq2bso4qHMMJnIELl9CCO2hDBwg8wTO8wps1s16sd+tjMVqxyp0j+APr8wfeHJOp</latexit><latexit sha1_base64="dn73J/f6PMY2D50Sg4EGHPtLQEY=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlEUHBTdOOygn1AEspkOmmHTiZhZiKW0F9x40IRt/6IO//GSZuFth4YOJxzL/fMCVPOlHacb6uytr6xuVXdru3s7u0f2If1rkoySWiHJDyR/RArypmgHc00p/1UUhyHnPbCyW3h9x6pVCwRD3qa0iDGI8EiRrA20sCu+1EiMeeI+Uwgz70WwcBuOE1nDrRK3JI0oER7YH/5w4RkMRWacKyU5zqpDnIsNSOczmp+pmiKyQSPqGeowDFVQT7PPkOnRhkiE8I8odFc/b2R41ipaRyayRjrsVr2CvE/z8t0dBXkTKSZpoIsDkUZRzpBRRFoyCQlmk8NwUQykxWRMZaYaFNXzZTgLn95lXTPm67TdO8vGq2bso4qHMMJnIELl9CCO2hDBwg8wTO8wps1s16sd+tjMVqxyp0j+APr8wfeHJOp</latexit>
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📚Rate and Detection Error-Exponent Tradeoffs of Joint Communication and Sensing, Meng-Che Chang et al., Proc. of IEEE Int. Symp. on JC&S, 2022 
📚Joint Communication and Binary State Detection, Joudeh and Willems, IEEE Journal on Selected Areas in Information Theory, 2022 
📚On Joint Communication and Channel Discrimination, Wu and Joudeh, Proc. of IEEE International Symposium on Information Theory, 2022 
📚Rate and Detection-Error Exponent Tradeoff for Joint Communication and Sensing of Fixed Channel States, Meng-Che Chang et al., IEEE Journal on Selected 

Areas in Information Theory, 2023

📚 On the Fundamental Tradeoff of Integrated Sensing and Communications Under Gaussian Channels, Yifeng Xiong et al.,  IEEE Trans. on Info. Theory, 2023
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CONTEXT AND MOTIVATION: RELATIVE TIMING OF EVENTS IN ISAC MODELS

▶ Relative Coherences in ISAC Models

▶ Time range defined for 




▶ Symbol coherence , 
sensing coherence  and 
state coherence  follow the 
relation:  << <<  .

∀i ∈ [1,n]

τc
τb

τs
τc τb τs

4

 i.i.d States[1] Fixed State[2]
Fixed State with 

different sensing/comm 
coherence (Today’s Topic 

[4][5])

Block-Fading
(Current ongoing 

research) *[3]

Symbol (Comm) 
Coherence             1 1 1 1

Sensing (Beam) 
Coherence 1 1

State 
Coherence 1 n n

Code 
Coherence n n n n

τb

📚[1] An Information-Theoretic Approach to Joint Sensing and Communication, Ahmadipour, Kobayashi, Wigger, Caire, IEEE Transactions on Information Theory, 
May 2022 

📚[2] Rate and Detection-Error Exponent Tradeoff for Joint Communication and Sensing of Fixed Channel States, Meng-Che Chang et al., IEEE Journal on 
Selected Areas in Information Theory, 2023


📚[3] On the Fundamental Tradeoff of Integrated Sensing and Communications Under Gaussian Channels, Yifeng Xiong et al.,  IEEE Trans. on Info. Theory, 2023

📚[4] Rate-Reliability Region of Sequential Beam Alignment and Communication, Guo and Bloch, submitted to IEEE Information Theory Workshop, Apr. 2025 
📚[5] Sequential Joint communication and Sensing of Fixed States, Meng-Che Chang et al., IEEE Information Theory Workshop, 2023

τb

τb
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📚On the Capacity of Gaussian “Beam-Pointing” Channels with Block Memory and Feedback, Siyao Li et al, Proc. of 2024 ISIT, (2024)

MODEL: SEQUENTIAL BEAM-ALIGNMENT AND COMMUNICATION 5

▶ Noisy Beam-Pointing Channel Model  
▶  hypothesis representing unique angular domains. 

▶ For each , , where , 


▶

Example Input State-Space vector , 

B
t′￼∈ [1,n/τb] Yτb(t′￼−1)+1:τbt′￼

= S ⋅ Xτb(t′￼−1)+1:τbt′￼
⊕ Nτb(t′￼−1)+1:τbt′￼

S ∈ 𝒮 = 𝔽1×B
2 Z(t′￼+1)τb

= 1{1TYτb > T}

Xτb =

x1(w) x2(w) … xτb
(w)

x1(w) x2(w) … xτb
(w)

0 0 … 0
0 0 … 0

at′￼
= {1,2}

▶ Active Sequential ISAC Model 
▶ Target resolution: , Message set 

▶ Number of message bits transmitted by t: 

▶ Stopping rule 

▶ Encoder , Decoder 

δ = Θ/B ℳ = ∪∞
k=1 𝔽2

ϕt : 𝒳t−1 × 𝒵t−1 ↦ ℕ : (Xt−1, Zt−1) ↦ Mt

ht : 𝒳t × 𝒵t ↦ ΩB × 𝒬 : (Xt, Zt) ↦ ΩB
t × Qt

ft : 𝔽Mt
2 × 𝒳t−1 × 𝒵t−1 ↦ 𝒳 : (WMt, Xt−1, Zt−1) ↦ Xt g : 𝒴τ ↦ ℳ : Yτ ↦ Ŵ

▶ Performance Metrics


▶ Detection error , Communication error 


▶ Rate and detection error exponent 

Pn
d ≜ max

w∈ℳ
ℙ( ̂S ≠ S |W = w) Pn

c ≜ max
w∈ℳ

ℙ(g(Yτ) ≠ w[1; Mτ] |W = w) .

Rn ≜
Mτ

n
En

d ≜ −
1
n

log Pn
d .
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6

Definition: Achievability

   A  policy is  achievable if for any , there exists  such that 


                                                                                


(δ, {ϕt}t≥1, {ht}t≥1, {ft}t≥1, g) (R, E) ϵ1, ϵ2, ϵ3 > 0 n(ϵ1, ϵ2, ϵ3)

max
w∈ℳ

𝔼[τ] ≤ n,

min
w∈ℳ

ℙ(Rn ≥ R) ≥ 1 − ϵ1,

Pn
c ≤ ϵ2,

En
d ≥ E − ϵ3,

MAIN RESULT: SEQUENTIAL BEAM-ALIGNMENT AND COMMUNICATION

Theorem: Rate and Exponent Region


                                                                   


Where .


𝒞 = ⋃
PX∈𝒫𝒳

(R, E) ∈ ℝ2
+ :

R ≤ 𝕀 (PX, WY|X(p(δ)
1 ))

E ≤
1
τb

𝔻 (p(δ)
1 (α) | |1 − p(δ)

1 (α))
,

p(δ)
|at′￼|

(α) = ℙ (Z(t′￼+1)τb
≠ 1 {S ⋅ Xτb

t′￼
≠ 01×τb})

📚Active Learning and CSI Acquisition for mmWave Initial Alignment, S. Chiu et al., IEEE Journal on Selected Areas in Communications, (2019)
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NUMERICAL EXAMPLE

▶ We use an non-asymptotic value of 
 


▶ Assuming a phased array with beam 
switching rate 200Hz, baud rate 10Gbps. 


▶ Assume a base target resolution  such 
that , based on 

. 

▶ By approximating the received weight of 

codewords using Gaussian distribution 
and treating two errors as result of 
threshold test equally we have, 

τb = 50

δ0
p(δ0)

1 = 0.2,p(2δ0)
1 ≈ 0.337

p(δ)
1 ∼ Q(1/δ)

p(δ)
1 (α) = 2Q

ατb(1 − 2p(δ)
1 )

2 ατbp(δ)
1 (1 − p(δ)

1 )

7

📚Spatio-temporal filtering: Precise beam control using fast beam switching, Paidimarri and Sadhu, IEEE Radio Frequency Integrated Circuits Symposium, Jun, 
2020. 
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ACHIEVABILITY STRATEGIES: TWO-PHASE ACTIVE SEQUENTIAL POLICY BASED ON EXTRINSIC JENSEN-SHANNON 8

▶ Sketch of Proof:  
▶ By Active Sequential Hypothesis Testing [Naghshvar-Javidi’13], select ISAC action based on following




▶ Analysis of Stopping Time: Formulate stopping rules based on log-ratio posterior belief 

 against exponent in Theorem to prove 


▶ Analysis of Detection Exponent: By [Naghshvar-Javidi’13]  Section 3.5 

▶ Analysis of Communication Error Probability: Using Union Bound to express the error using three events: 

1. Decoding error in first phase. 2. Decoding error in second phase. 3. The wrong hypothesis crosses the 
threshold. Using standard constant composition code results and a martingale concentration lemma 
(next page) to bound each term vanishingly small. 

η(a) =
argmax
λ∈ℙ(𝒜B)

min
̂ρ∈ℙ(ΩB)

∑a∈𝒜B
λ(a)

i 𝔻(qa
i | |∑j≠i

̂ρj

1 − ̂ρi
qa

j ) if ∃i ρi ≥ ρ*,

argmax
λ∈ℙ(𝒜B)

min
i∈ΩB

min
̂ρ∈ℙ(ΩB)

∑a∈𝒜B
λ(a)

i 𝔻(qa
i | |∑j≠i

̂ρj

1 − ̂ρi
qa

j ) if max
i∈ΩB

ρi < ρ* .

Ui(t′￼) = log ( ρi(t′￼)
1 − ρi(t′￼) ) − log ( ρ*

1 − ρ* ) 𝔼[τ] ≤ n

📚Active Sequential Hypothesis Testing, Naghshvar and Javidi., Annuls of Statistics (2013)

📚Extrinsic Jensen-ShannonDivergence: Applications to Variable-Length Coding, Naghshvar et al.’ IEEE Transactions on Information Theory (2015)
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9ACHIEVABILITY STRATEGIES: SKETCH OF PROOF

▶ Sketch of Proof:  
▶ Analysis of Rate: 


▶ We first formulate the expected number of message bits transmitted by time  using the expected 
number of bits transmitted within each block multiplied by the probability of that block in high/low 
confidence phase. 


▶ We then use martingale property to log-ratio posterior belief to prove the concentration on probability 
of transmission in first phase (bottom of the page). 


▶ Use Doob’s decomposition trick (martingale difference) to to show that the stochastic process of 
number of message bits minus its expectation is a martingale with bounded increase. 


▶ Finally, Azuma’s inequality bounds the number of message bits transmitted by time  close to its 
expected value. 

t

t

Lemma: Martingale Concentration

Consider the sequence , there exists constants satisfying  such that

                                                     , 

                                                         , 

where . 

Consider uniform prior and Markov stopping time, then  for . 


                                                                               


Uĩ(t′￼), t′￼∈ [0,⌊τ/τb⌋] 0 < K1 < K2 < ∞
𝔼[Uĩ(t′￼+ 1) |ℱt′￼

] ≥ Uĩ(t′￼) + K1
|Uĩ(t′￼+ 1) − Uĩ(t′￼) | ≤ K2

ℱt′￼
= σ{ρ(t′￼), A(t′￼), Z(t′￼), t′￼∈ [0,⌊τ/τb⌋]}

ℙ(Uĩ(n1/4) < θ) ≤ e−n1/4ι ι, θ > 0
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CONVERSE: SKETCH OF PROOF 10

▶ Sketch of Proof:  
▶ Assume that  is achievable


▶ Applying change of variable by considering the relative timing of sensing/comm event , the 
converse of detection exponent follows by using [Naghshvar-Javidi’13] Corollary 3.5


▶ By considering a set of BSCs indexed by cardinality of sensing action, the expected number of message 
bits transmitted by stopping time is upper bounded best compound channel result, which is when 

 [Csiszar-Korner ’11].


▶ Use Markov’s inequality to convert expected number of transmitted message bits to a probabilistic 
constraint on rate. 


▶ Taking union of all type . 

(R, E)

t′￼ = t/τb

|a | = 1

PX
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▶ CONCLUSION

▶ Timing of wireless events plays an important role in modeling 

▶ One can hope to adapt just as well on longer sensing coherence

▶ In target detection use case, transmitter can hope to zoom in as quickly as possible to enable best exponent and 

rate as if direction is known in hindsight. 


▶ Future Works

▶ Regret-based analysis for block-fading ISAC model 

▶ Bringing sensing security into the picture 

CONCLUSION AND PERSPECTIVES 11

THANK YOU!


