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3INTRODUCTION
5G Mobile Networks

► 5G and Future networks
■ Enormous number of connected devices
■ Resource-hungry applications
■ Exponential growth of mobile traffic

► Global ICT ecosystem: more than 2000 TWh of 
electricity annually
■ predicted to grow to 20% of global electricity

demand by 2030
■ greatly increased emitted carbon footprint

Cisco report 2018-2023
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4INTRODUCTION
Challenges and Promising Solutions

► Mobile terminals limitations:
■ Processing capacity
■ Storage
■ Energy

► Promising solutions:
■ Energy Harvesting (EH)
■ Computation offloading
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5INTRODUCTION
Work Objective

► Design efficient policies for resource scheduling and computation offloading under
■ Energy harvesting constraint
■ Strict delay constraint

► Optimize transmission policies taking into account:
■ Random data arrivals statistics
■ Sporadic energy arrivals statistics
■ Channel conditions
■ Packet queue status
■ Battery energy level

► Work achieved during:
■ Thesis with CEA LIST & Telecom Paris within MSAC-ITN project SCAVENGE
■ Post-doc with Telecom SudParis
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6PROBLEM STATEMENT
Joint Resource Scheduling and Computation Offloading

► Data arrival ∼ Poisson distribution with mean
► Energy arrival ∼ Poisson distribution with mean
► Constant channel during a time slot with perfect CSIT
► At the beginning of each time slot, mobile device decides:

■ Type of processing: locally or remotely
■ Number of packets to be processed

<latexit sha1_base64="nh715ScEtFeus6ZH5m5snlMnI+A=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqmRE0WXBjcsK9iHtUDKZTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPRA4nHMuufeEqeDGYvztldbWNza3ytuVnd29/YPq4VHbJJmmrEUTkehuSAwTXLGW5VawbqoZkaFgnXB8O/M7T0wbnqgHO0lZIMlQ8ZhTYp302BcuGpFBNKjWcB3PgVaJX5AaFGgOql/9KKGZZMpSQYzp+Ti1QU605VSwaaWfGZYSOiZD1nNUEclMkM8XnqIzp0QoTrR7yqK5+nsiJ9KYiQxdUhI7MsveTPzP62U2vglyrtLMMkUXH8WZQDZBs+tRxDWjVkwcIVRztyuiI6IJta6jiivBXz55lbQv6v5VHd9f1hq4qKMMJ3AK5+DDNTTgDprQAgoSnuEV3jztvXjv3sciWvKKmWP4A+/zB7ADkEY=</latexit>

�d
<latexit sha1_base64="e3maUrTz9jjxN2/O5T4cU0/V4VI=">AAAB8HicbVDLSsNAFL2pr1pfVZduBovgqiSi6LLgxmUF+5A2lMnkph06mYSZiVBCv8KNC0Xc+jnu/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SDmaTox3QoecQZNVZ67AsbDekAB9WaW3fnIKvEK0gNCjQH1a9+mLAsRmmYoFr3PDc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/nCU3JmlZBEibJPGjJXf0/kNNZ6Egc2GVMz0sveTPzP62UmuvFzLtPMoGSLj6JMEJOQ2fUk5AqZERNLKFPc7krYiCrKjO2oYkvwlk9eJe2LundVd+8vaw23qKMMJ3AK5+DBNTTgDprQAgYxPMMrvDnKeXHenY9FtOQUM8fwB87nD7GHkEc=</latexit>

�e
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► Previous works: Average delay constraint
■ Drawback: packets can stay in the buffer for long time

► Proposed scheme: Strict delay constraint

► is the age of the i-th packet at the beginning of time slot 
► A packet can be discarded due to

■ Delay violation: The i-th packet is discarded if 
■ Buffer overflow: New arrivals are discarded if  

<latexit sha1_base64="gcNpwM/WnWHqzVJRzXfYqh/fPFI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBEqSNkVRY8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0crq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkallvB2olmJA4Fa4Wj26nfemLacCUf7DhhQUwGkkecEuuk5qjHK/KsVyp7VW8GvEz8nJQhR71X+ur2FU1jJi0VxJiO7yU2yIi2nAo2KXZTwxJCR2TAOo5KEjMTZLNrJ/jUKX0cKe1KWjxTf09kJDZmHIeuMyZ2aBa9qfif10ltdBNkXCapZZLOF0WpwFbh6eu4zzWjVowdIVRzdyumQ6IJtS6gogvBX3x5mTQvqv5V1bu/LNfO8zgKcAwnUAEfrqEGd1CHBlB4hGd4hTek0At6Rx/z1hWUzxzBH6DPH9wWjpY=</latexit>

ki(n)

<latexit sha1_base64="JbI7TovAlSg3Xp+Z1tzZ75FMxA8=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSJUkJIVRU9S8CJ4qWA/sF2WbJptQ7PZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84JEcG0w/naWlldW19YLG8XNre2d3dLeflPHqaKsQWMRq3ZANBNcsobhRrB2ohiJAsFawfBm4reemNI8lg9mlDAvIn3JQ06JsdLj0OcVeXJ952O/VMZVPAVaJG5OypCj7pe+ur2YphGThgqidcfFifEyogyngo2L3VSzhNAh6bOOpZJETHvZ9OIxOrZKD4WxsiUNmqq/JzISaT2KAtsZETPQ895E/M/rpCa88jIuk9QwSWeLwlQgE6PJ+6jHFaNGjCwhVHF7K6IDogg1NqSiDcGdf3mRNM+q7kUV35+Xa6d5HAU4hCOogAuXUINbqEMDKEh4hld4c7Tz4rw7H7PWJSefOYA/cD5/ACHej9Y=</latexit>

ki(n) > K0
<latexit sha1_base64="6PjScsHl7CJZdw1J1KzO/g44uQw=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoheh6MVjBfsBbQibzaZdutmNuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0w508Z1v52l5ZXVtfXSRnlza3tnt7K339IyU4Q2ieRSdUKsKWeCNg0znHZSRXESctoOh7cTv/1ElWZSPJhRSv0E9wWLGcHGSu3HQFzfBFFQqbo1dwq0SLyCVKFAI6h89SJJsoQKQzjWuuu5qfFzrAwjnI7LvUzTFJMh7tOupQInVPv59NwxOrZKhGKpbAmDpurviRwnWo+S0HYm2Az0vDcR//O6mYmv/JyJNDNUkNmiOOPISDT5HUVMUWL4yBJMFLO3IjLAChNjEyrbELz5lxdJ66zmXdTc+/Nq/bSIowSHcAQn4MEl1OEOGtAEAkN4hld4c1LnxXl3PmatS04xcwB/4Hz+ANqSjy4=</latexit>

qn = Bd

<latexit sha1_base64="Ve1YJF/7WkXlCtTyOkBXVqdzkyA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD0WvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKDdkvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IS3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVn1rqtu46pSu8jjKMIJnMI5eHADNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP0cWM4A==</latexit>n

PROBLEM STATEMENT
Strict Delay Constraint
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► 3 possible processing decisions at the beginning of each time slot: 

■ Local processing: Mobile device executes packets

■ Remote processing: Mobile device transmits packets to be executed at BS

■ Idle: Mobile device waits for the next time slot

PROBLEM STATEMENT
Energy Cost

<latexit sha1_base64="s9Zsw79BG7Nwde6tuciGViRJO/Y="></latexit>

E`(u) =

⇠
u.P`.

Ts

EU

⇡

<latexit sha1_base64="ooKv7MoS6hhwMM10EpVaIVT718o="></latexit>

Eo(x, u) =

⇠
u

EU

✓
L.Pt

WUL. log2
�
1 + Pt.x

WUL.N0

� + Tw.Pw +
LDL.Pr

WDL. log2
�
1 + Ps.x

WDL.N0

�
◆⇡

<latexit sha1_base64="9fDQmrvNqHw+QfCUF7Jsyt5L3dg=">AAAB7XicbVBNSwMxEJ3Ur1qtVnv0EiyCBym7guhFKIigtwr2A9qlZNNsG5vdLElWWJb+By8eFPHq//HmjxFMPw7a+mDg8d4MM/P8WHBtHOcL5VZW19Y38puFre3izm5pb7+pZaIoa1AppGr7RDPBI9Yw3AjWjhUjoS9Yyx9dTfzWI1Oay+jepDHzQjKIeMApMVZqXvdu8aXTK1WcqjMFXibunFRqqFv+Lq6n9V7ps9uXNAlZZKggWndcJzZeRpThVLBxoZtoFhM6IgPWsTQiIdNeNr12jI+s0seBVLYig6fq74mMhFqnoW87Q2KGetGbiP95ncQEF17GozgxLKKzRUEisJF48jruc8WoEaklhCpub8V0SBShxgZUsCG4iy8vk+Zp1T2rOnc2jROYIQ8HcAjH4MI51OAG6tAACg/wBC/wiiR6Rm/ofdaaQ/OZMvwB+vgBIKaQUw==</latexit>

EI = 0

<latexit sha1_base64="y/dqkP4XlkUDeq4IVyARH8/NnH0=">AAAB6XicbZC7SgNBFIbPxluMt1VLQQaDYCFhVxDtDNhYJmIukCxhdjKbDJmdXWZmhbCktLOxUMTWJ7DzOex8Bn0IZ5MUmvjDwMf/n8Occ/yYM6Ud59PKLSwuLa/kVwtr6xubW/b2Tl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4b/uAyyxu3VCoWiRs9jKkX4p5gASNYG+s6KXTsolNyxkLz4E6hePH2dbf/Xv2udOyPdjciSUiFJhwr1XKdWHsplpoRTkeFdqJojMkA92jLoMAhVV46nnSEDo3TRUEkzRMajd3fHSkOlRqGvqkMse6r2Swz/8taiQ7OvZSJONFUkMlHQcKRjlC2NuoySYnmQwOYSGZmRaSPJSbaHCc7gju78jzUT0ruacmpusXyMUyUhz04gCNw4QzKcAUVqAGBAO7hEZ6sgfVgPVsvk9KcNe3ZhT+yXn8ADC+Raw==</latexit>u

<latexit sha1_base64="y/dqkP4XlkUDeq4IVyARH8/NnH0=">AAAB6XicbZC7SgNBFIbPxluMt1VLQQaDYCFhVxDtDNhYJmIukCxhdjKbDJmdXWZmhbCktLOxUMTWJ7DzOex8Bn0IZ5MUmvjDwMf/n8Occ/yYM6Ud59PKLSwuLa/kVwtr6xubW/b2Tl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4b/uAyyxu3VCoWiRs9jKkX4p5gASNYG+s6KXTsolNyxkLz4E6hePH2dbf/Xv2udOyPdjciSUiFJhwr1XKdWHsplpoRTkeFdqJojMkA92jLoMAhVV46nnSEDo3TRUEkzRMajd3fHSkOlRqGvqkMse6r2Swz/8taiQ7OvZSJONFUkMlHQcKRjlC2NuoySYnmQwOYSGZmRaSPJSbaHCc7gju78jzUT0ruacmpusXyMUyUhz04gCNw4QzKcAUVqAGBAO7hEZ6sgfVgPVsvk9KcNe3ZhT+yXn8ADC+Raw==</latexit>u
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► State space : 
■ : age of each packet in the data buffer
■ : battery level
■ : Flat fading channel gain (quantized value)

► Action space : Type of processing and number of packets

► Transition probabilities

► Cost : Average number of discarded packets due to
■ Delay

■ Overflow

PROBLEM STATEMENT
Markov Decision Process

<latexit sha1_base64="nbaP4VLWm5RTrDaOeWrbuWOpQF8="></latexit>

"d(sn, ⌫n) =

⇢
0 if mn = 0 or mn 6 u⌫n

mn � u⌫n otherwise.

<latexit sha1_base64="gKoWQaBs/CezgZjPpbDJdjwHLP8="></latexit>

"o(sn, ⌫n) =
+1X

a=Bd�qn+wn+1

(qn � wn + a�Bd).e
��d .

(�d)a

a!

<latexit sha1_base64="fWPmRw88TmCMbgdUbEXnNIb+3ag=">AAACBnicbVDLSgMxFM34rLXqqEtRgkWoUMqMILoRCm5ctmgf0JaSSTNtaCYzJBmxDLNy4869fyCIC0Xc+g3u/BkxM+1CWw8ETs65l3vvcQJGpbKsL2NufmFxaTmzkl3Nra1vmJtbdemHApMa9pkvmg6ShFFOaooqRpqBIMhzGGk4w/PEb1wTIanPr9QoIB0P9Tl1KUZKS11zt+0hNcCIRZfxWSH9OG40jItO8eYw2zXzVslKAWeJPSH5cu6++vTwvVfpmp/tno9Dj3CFGZKyZVuB6kRIKIoZibPtUJIA4SHqk5amHHlEdqL0jBgeaKUHXV/oxxVM1d8dEfKkHHmOrkz2lNNeIv7ntULlnnYiyoNQEY7Hg9yQQeXDJBPYo4JgxUaaICyo3hXiARIIK51cEoI9ffIsqR+V7OOSVbXz5SIYIwN2wD4oABucgDK4ABVQAxjcgkfwAl6NO+PZeDPex6VzxqRnG/yB8fED+D+bwg==</latexit>

S = (k, b, x)
<latexit sha1_base64="QdXJXN7PoaLvrXGKDSrDEF+5mkY=">AAACC3icbVBNS8NAEN1UrbVajXr0srQIHkpJBNGLUvTisYL9gCSEzWbTLtl8sLsRSszdiwfP/gcvHhTx6h/w5tF/YtL2oK0PBh7vzTAzz4kZFVLTvpTS0vJKebWyVl3fqG1uqds7PRElHJMujljEBw4ShNGQdCWVjAxiTlDgMNJ3/IvC798QLmgUXstxTKwADUPqUYxkLtlq3QyQHDle6menhm/rTWhiN5KiCX07PbfdzKraakNraRPARaLPSKNdO7stfz8+dGz103QjnAQklJghIQxdi6WVIi4pZiSrmokgMcI+GhIjpyEKiLDSyS8Z3M8VF3oRzyuUcKL+nkhRIMQ4cPLO4nIx7xXif56RSO/ESmkYJ5KEeLrISxiUESyCgS7lBEs2zgnCnOa3QjxCHGGZx1eEoM+/vEh6hy39qKVd6Y12E0xRAXugDg6ADo5BG1yCDugCDO7AE3gBr8q98qy8Ke/T1pIym9kFf6B8/ACYLp0H</latexit>

k = [k1, · · · , kBd ]
<latexit sha1_base64="9OckWlSJ/LgtSRG9iMFcOhTIRNU=">AAAB6XicbZC7SgNBFIbPxluMt1VLQQaDYCFhVxDtDNhYJmIukCxhdjKbDJmdXWZmhbCktLOxUMTWJ7DzOex8Bn0IZ5MUmvjDwMf/n8Occ/yYM6Ud59PKLSwuLa/kVwtr6xubW/b2Tl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4b/uAyyxu3VCoWiRs9jKkX4p5gASNYG+vaL3TsolNyxkLz4E6hePH2dbf/Xv2udOyPdjciSUiFJhwr1XKdWHsplpoRTkeFdqJojMkA92jLoMAhVV46nnSEDo3TRUEkzRMajd3fHSkOlRqGvqkMse6r2Swz/8taiQ7OvZSJONFUkMlHQcKRjlC2NuoySYnmQwOYSGZmRaSPJSbaHCc7gju78jzUT0ruacmpusXyMUyUhz04gCNw4QzKcAUVqAGBAO7hEZ6sgfVgPVsvk9KcNe3ZhT+yXn8A70GRWA==</latexit>

b
<latexit sha1_base64="eJelpCazD/D4AzlU/Qfl035Qvts=">AAAB6XicbZC7SgNBFIbPxluMt6ilIINBsJCwGxDtDNhYJmIukCxhdjKbDJmdXWZmxbCktLOxUMTWJ7DzOex8Bn0IZ5MUmvjDwMf/n8Occ7yIM6Vt+9PKLCwuLa9kV3Nr6xubW/ntnboKY0lojYQ8lE0PK8qZoDXNNKfNSFIceJw2vMFFmjduqFQsFNd6GFE3wD3BfEawNtbVba6TL9hFeyw0D84UCudvX3f779XvSif/0e6GJA6o0IRjpVqOHWk3wVIzwuko144VjTAZ4B5tGRQ4oMpNxpOO0KFxusgPpXlCo7H7uyPBgVLDwDOVAdZ9NZul5n9ZK9b+mZswEcWaCjL5yI850iFK10ZdJinRfGgAE8nMrIj0scREm+OkR3BmV56HeqnonBTtqlMoH8NEWdiDAzgCB06hDJdQgRoQ8OEeHuHJGlgP1rP1MinNWNOeXfgj6/UHEL6Rbg==</latexit>x

<latexit sha1_base64="y/dqkP4XlkUDeq4IVyARH8/NnH0=">AAAB6XicbZC7SgNBFIbPxluMt1VLQQaDYCFhVxDtDNhYJmIukCxhdjKbDJmdXWZmhbCktLOxUMTWJ7DzOex8Bn0IZ5MUmvjDwMf/n8Occ/yYM6Ud59PKLSwuLa/kVwtr6xubW/b2Tl1FiSS0RiIeyaaPFeVM0JpmmtNmLCkOfU4b/uAyyxu3VCoWiRs9jKkX4p5gASNYG+s6KXTsolNyxkLz4E6hePH2dbf/Xv2udOyPdjciSUiFJhwr1XKdWHsplpoRTkeFdqJojMkA92jLoMAhVV46nnSEDo3TRUEkzRMajd3fHSkOlRqGvqkMse6r2Swz/8taiQ7OvZSJONFUkMlHQcKRjlC2NuoySYnmQwOYSGZmRaSPJSbaHCc7gju78jzUT0ruacmpusXyMUyUhz04gCNw4QzKcAUVqAGBAO7hEZ6sgfVgPVsvk9KcNe3ZhT+yXn8ADC+Raw==</latexit>u
<latexit sha1_base64="QwIXvUF6tqXlECxBHCH+0q+b31I=">AAAB8XicbZDNSgMxFIXv1L9aq1ZdChIsYoVSZgTRZcGNyxbsD7ZDyaRpG5rJDElGKGOfwY0bBUXc6tO482XETNuFth4IfJxzL7n3eiFnStv2l5VaWl5ZXUuvZzaym1vbuZ3dugoiSWiNBDyQTQ8rypmgNc00p81QUux7nDa84WWSN26pVCwQ13oUUtfHfcF6jGBtrJuwoI7vVDE6yXRyebtkT4QWwZlBvpy9r348fR9UOrnPdjcgkU+FJhwr1XLsULsxlpoRTseZdqRoiMkQ92nLoMA+VW48mXiMjozTRb1Amic0mri/O2LsKzXyPVPpYz1Q81li/pe1It27cGMmwkhTQaYf9SKOdICS9VGXSUo0HxnARDIzKyIDLDHR5kjJEZz5lRehflpyzkp21cmXizBVGvbhEArgwDmU4QoqUAMCAh7gGV4sZT1ar9bbtDRlzXr24I+s9x/H1JNM</latexit>

p(s0|s, u)
<latexit sha1_base64="u+MJiPd625cmWr2U7SOmQHbb7Sw=">AAAB7nicbZBPSwJBGMbftX9mVlbHIIYkMBDZFaKOQpeOCvkHdJHZcVYHZ2eXmdlAFj9DdOlgRNcOfZpufZloVj2U9sDAj+d5X+Z9Xy/iTGnb/rIyG5tb2zvZ3dxefv/gsHB03FJhLAltkpCHsuNhRTkTtKmZ5rQTSYoDj9O2N75N8/YDlYqF4l5PIuoGeCiYzwjWxmqTkirHl7l+oWhX7LnQOjhLKNbyj42P2fdZvV/47A1CEgdUaMKxUl3HjrSbYKkZ4XSa68WKRpiM8ZB2DQocUOUm83Gn6MI4A+SH0jyh0dz93ZHgQKlJ4JnKAOuRWs1S87+sG2v/xk2YiGJNBVl85Mcc6RClu6MBk5RoPjGAiWRmVkRGWGKizYXSIzirK69Dq1pxrip2wynWyrBQFk7hHErgwDXU4A7q0AQCY3iCGbxYkfVsvVpvi9KMtew5gT+y3n8Al0OSCw==</latexit>

c(s, u)

<latexit sha1_base64="2dt6C8nNbsIa4rzg26jsYChnawI=">AAAB8nicbVBNSwMxFHxbv2r9qnr0EiyCBym7ouix4MVjBbctbJeSTbNtaDZZkqxQlv4MLx4U8eqv8ea/MdvuQVsHAsPMe2TeRCln2rjut1NZW9/Y3Kpu13Z29/YP6odHHS0zRahPJJeqF2FNORPUN8xw2ksVxUnEaTea3BV+94kqzaR4NNOUhgkeCRYzgo2Vgn6CzZhgnvuzQb3hNt050CrxStKAEu1B/as/lCRLqDCEY60Dz01NmGNlGOF0VutnmqaYTPCIBpYKnFAd5vPIM3RmlSGKpbJPGDRXf2/kONF6mkR2soiol71C/M8LMhPfhjkTaWaoIIuP4owjI1FxPxoyRYnhU0swUcxmRWSMFSbGtlSzJXjLJ6+SzmXTu266D1eN1kVZRxVO4BTOwYMbaME9tMEHAhKe4RXeHOO8OO/Ox2K04pQ7x/AHzucPiWaRWQ==</latexit>

U
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► Objective : Minimize the expected long-term average cost considering an infinite horizon

► DP : Fully-known system states and transitions

► Optimal Deterministic Offline policy using Policy Iteration algorithm

► Policy Iteration
■ Policy evaluation : 

■ Policy improvement : 

MODEL- BASED APPROACH
Dynamic programming

<latexit sha1_base64="YNKUogbfiKCpvNRybfBbG8nHG5I="></latexit>

C = lim
T!+1

1

T
E
 T�1X

t=0

c(st, ut)

�

<latexit sha1_base64="8ziDCm8t0dcS3IiuxPhV4TrwJYE=">AAACGXicbZDNSsNAFIUn/tQa/6IuXThaBBdaEkEUVwU3LiuattDUMplO2qGTTJiZKCXkNdz4Km5cKOJSV76HD+CkLaitBwYO372Xuff4MaNS2fanMTM7N19YKC6aS8srq2vW+kZN8kRg4mLOuGj4SBJGI+IqqhhpxIKg0Gek7vfP83r9lghJeXStBjFphagb0YBipDRqW7YXJjeeVEicQS9EqocRS68y6Ana7Wkq+N0PdzPTbFslu2wPBaeNMzalSqHGvrZ3Dqtt693rcJyEJFKYISmbjh2rVoqEopiRzPQSSWKE+6hLmtpGKCSylQ4vy+CeJh0YcKFfpOCQ/p5IUSjlIPR1Z76knKzl8L9aM1HBaSulUZwoEuHRR0HCoOIwjwl2qCBYsYE2CAuqd4W4hwTCSoeZh+BMnjxtakdl57hsX+o0DsBIRbAFdsE+cMAJqIALUAUuwOAePIJn8GI8GE/Gq/E2ap0xxjOb4I+Mj2+8maLn</latexit>

µ? : S ! U

<latexit sha1_base64="LO/6IdYKFT71XkxPqxLDWd3PA2k="></latexit>

�n�11+ (Id�P)vn�1 = cn�1

<latexit sha1_base64="/pehk7k/xt90xodMPqa20MHyBfE="></latexit>X

s2S
vn�1(s) = 0

<latexit sha1_base64="8KMIyqGpFvSN3rdHY7e4q1YZ9Os="></latexit>

µn(s) = argmin
u2U


c(s, u) +

X

s02S
p(s0|s, u)vn�1(s0)

�
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► Only few hundreds of slots are needed for the system to achieve the long-term cost
■ Average number of discarded packets
■ Idle mode

MODEL- BASED APPROACH
Numerical Results - Convergence and Processing Decisions

Convergence of average number of discarded
packets for different energy arrival rates Percentage of processing decisions

<latexit sha1_base64="2efWi/Nx6iVs6pFogR6I3JKs2eo=">AAACDXicbVC7SgNBFJ2N7/hatbQZjIKFhF1BtAzYWKqYRMiG5e7sTTJkdnadmVVC8Ads/BUbCyVYCfZ2/o2TjYWvAwOHc87lzj1RJrg2nvfhlKamZ2bn5hfKi0vLK6vu2npDp7liWGepSNVlBBoFl1g33Ai8zBRCEglsRv3jsd+8RqV5Ki/MIMN2Al3JO5yBsVLobgfChmMIkQYSQan0hgZXOcQ0OOfdnimU0K14Va8A/Uv8L1KpzTaim9dgdBq670GcsjxBaZgArVu+l5n2EJThTOBtOcg1ZsD60MWWpRIS1O1hcc0t3bFKTDupsk8aWqjfJ4aQaD1IIptMwPT0b28s/ue1ctM5ag+5zHKDkk0WdXJBTUrH1dCYK2RGDCwBprj9K2U9UMCMLbBsS/B/n/yXNPar/kHVO/MrtT0ywTzZJFtkl/jkkNTICTkldcLIHXkgT+TZuXcenZHzMomWnK+ZDfIDztsn97efFg==</latexit>

�e % )
<latexit sha1_base64="Ku7DC3cZXT+hPEBHnzh2uFB9wDM=">AAAB8HicbZC7SgNBFIbPeokx3qKWNoNBsJCwK4iWARvLCOYiyRJmJ7PJkLksM7OGsOQpbCwUsfUZLH0CO9/GyaXQxB8GPv7/HOacEyWcGev7397K6tp6biO/Wdja3tndK+4f1I1KNaE1orjSzQgbypmkNcssp81EUywiThvR4HqSNx6oNkzJOztKaChwT7KYEWyddd82FGuthqhTLPllfyq0DMEcSpVcPRp+tj+qneJXu6tIKqi0hGNjWoGf2DDD2jLC6bjQTg1NMBngHm05lFhQE2bTgcfoxDldFCvtnrRo6v7uyLAwZiQiVymw7ZvFbGL+l7VSG1+FGZNJaqkks4/ilCOr0GR71GWaEstHDjDRzM2KSB9rTKy7UcEdIVhceRnq5+XgouzfBqXKGcyUhyM4hlMI4BIqcANVqAEBAY/wDC+e9p68V+9tVrrizXsO4Y+89x8gmZOP</latexit>

&

<latexit sha1_base64="Ku7DC3cZXT+hPEBHnzh2uFB9wDM=">AAAB8HicbZC7SgNBFIbPeokx3qKWNoNBsJCwK4iWARvLCOYiyRJmJ7PJkLksM7OGsOQpbCwUsfUZLH0CO9/GyaXQxB8GPv7/HOacEyWcGev7397K6tp6biO/Wdja3tndK+4f1I1KNaE1orjSzQgbypmkNcssp81EUywiThvR4HqSNx6oNkzJOztKaChwT7KYEWyddd82FGuthqhTLPllfyq0DMEcSpVcPRp+tj+qneJXu6tIKqi0hGNjWoGf2DDD2jLC6bjQTg1NMBngHm05lFhQE2bTgcfoxDldFCvtnrRo6v7uyLAwZiQiVymw7ZvFbGL+l7VSG1+FGZNJaqkks4/ilCOr0GR71GWaEstHDjDRzM2KSB9rTKy7UcEdIVhceRnq5+XgouzfBqXKGcyUhyM4hlMI4BIqcANVqAEBAY/wDC+e9p68V+9tVrrizXsO4Y+89x8gmZOP</latexit>

&
<latexit sha1_base64="14uh+msNZ/OassnyvO2+7WniPVw=">AAACDXicbVDLSgMxFM3UV62vUZduglVwIWVGEF0W3LisYh/QKcOdTNqGZjJjkrGU0h9w46+4caEUV4J7d/6N6bQLbT0QODnnXJJ7goQzpR3n28otLa+sruXXCxubW9s79u5eTcWpJLRKYh7LRgCKciZoVTPNaSORFKKA03rQu5r49QcqFYvFnR4ktBVBR7A2I6CN5NtHHjfhEPwQe4KClHEfe/cpmOst63R1pvh20Sk5GfAicWekWF6tBf0Pb1zx7S8vjEkaUaEJB6WarpPo1hCkZoTTUcFLFU2A9KBDm4YKiKhqDbNtRvjYKCFux9IcoXGm/p4YQqTUIApMMgLdVfPeRPzPa6a6fdkaMpGkmgoyfaidcqxjPKkGh0xSovnAECCSmb9i0gUJRJsCC6YEd37lRVI7K7nnJefGLZZP0RR5dIAO0Qly0QUqo2tUQVVE0CN6Rq/ozXqyXqyx9T6N5qzZzD76A+vzB/YYnxU=</latexit>

�d % )
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► DP Solution:
■ Advantage: Optimal Solution
■ Drawback: Only applicable when the environment model is known

► Alternative Solution: Reinforcement Learning (RL)
■ Learn the state-action function :              while interacting with the environment
■ Q-Learning :

● Updates of function :

MODEL- FREE APPROACH
Reinforcement Learning

<latexit sha1_base64="0tCDyOxBLsa+8zNRl2bWgwRaAH4=">AAAB7XicbZDLSgMxFIbP1FutVasuBQkWoUIpM4LosuDGZQv2Au1QMmnaxmaSIckIZegz6MaFRdy68Wnc+TJiello6w+Bj/8/h5xzgogzbVz3y0mtrW9sbqW3MzvZ3b393MFhXctYEVojkkvVDLCmnAlaM8xw2owUxWHAaSMY3kzzxgNVmklxZ0YR9UPcF6zHCDbWqlcLuhifd3J5t+TOhFbBW0C+nH2sfky+Tyqd3Ge7K0kcUmEIx1q3PDcyfoKVYYTTcaYdaxphMsR92rIocEi1n8ymHaMz63RRTyr7hEEz93dHgkOtR2FgK0NsBno5m5r/Za3Y9K79hIkoNlSQ+Ue9mCMj0XR11GWKEsNHFjBRzM6KyAArTIw9UMYewVteeRXqFyXvsuRWvXy5CHOl4RhOoQAeXEEZbqECNSBwD0/wAhNHOs/Oq/M2L005i54j+CPn/QdFw5Hl</latexit>

Q(s, u)

<latexit sha1_base64="0tCDyOxBLsa+8zNRl2bWgwRaAH4=">AAAB7XicbZDLSgMxFIbP1FutVasuBQkWoUIpM4LosuDGZQv2Au1QMmnaxmaSIckIZegz6MaFRdy68Wnc+TJiello6w+Bj/8/h5xzgogzbVz3y0mtrW9sbqW3MzvZ3b393MFhXctYEVojkkvVDLCmnAlaM8xw2owUxWHAaSMY3kzzxgNVmklxZ0YR9UPcF6zHCDbWqlcLuhifd3J5t+TOhFbBW0C+nH2sfky+Tyqd3Ge7K0kcUmEIx1q3PDcyfoKVYYTTcaYdaxphMsR92rIocEi1n8ymHaMz63RRTyr7hEEz93dHgkOtR2FgK0NsBno5m5r/Za3Y9K79hIkoNlSQ+Ue9mCMj0XR11GWKEsNHFjBRzM6KyAArTIw9UMYewVteeRXqFyXvsuRWvXy5CHOl4RhOoQAeXEEZbqECNSBwD0/wAhNHOs/Oq/M2L005i54j+CPn/QdFw5Hl</latexit>

Q(s, u)
<latexit sha1_base64="6fsfKBSqwb6x3xXjaBbjTgKUbZk=">AAACAHicbVA9SwNBEN2LXzFGPbWwEGQxCBFCuBNEy4CNZQLmA5Ij7G32kiV7u8funhKONP4Be1sbi4jY+jPs/DPiXpJCEx8MPN6bYWaeHzGqtON8WZmV1bX1jexmbiu/vbNr7+03lIglJnUsmJAtHynCKCd1TTUjrUgSFPqMNP3hdeo374hUVPBbPYqIF6I+pwHFSBupax/WiqoUn8EOE7zPSKCRlOIe5rp2wSk7U8Bl4s5JoZJ/rE2evo+rXfuz0xM4DgnXmCGl2q4TaS9BUlPMyDjXiRWJEB6iPmkbylFIlJdMHxjDU6P0YCCkKa7hVP09kaBQqVHom84Q6YFa9FLxP68d6+DKSyiPYk04ni0KYga1gGkasEclwZqNDEFYUnMrxAMkEdYmszQEd/HlZdI4L7sXZafmFiolMEMWHIETUAQuuAQVcAOqoA4wGINnMAGv1oP1Yr1Z77PWjDWfOQB/YH38AN8QmOw=</latexit>

Q(s, u) �
<latexit sha1_base64="lXe+KHkrhTEhZZvaYZC/4qOYWGo="></latexit>

(1� ↵)Q(s, u) + ↵(c(sn, un) + minu Q(sn+1, u))
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► DP and RL Solutions:
■ Drawback: Impractical and very complex with large system states

► Alternative Solution: Function Approximation
■ Estimate of the state-action function : 
■ Non-linear function : Neural-Network (NN) Deep Q-Network (DQN)

MODEL- FREE APPROACH
Deep Reinforcement Learning

<latexit sha1_base64="AWcpnWCG8bMDHu1i7yWET9F/PJg=">AAACDHicbVBNS0JBFJ1nX2ZWVssghiRQEHkviFoKbVomZAU+k/vGUQfnfTBzXyTiD2hT+35D0KZFEW37Ae36M9E8dVHagYHDOedy5x4vkkKjbX9Zqbn5hcWl9HJmJbu6tp7b2DzXYawYr7FQhurSA82lCHgNBUp+GSkOvif5hdc7TvyLa660CIMz7Ee84UMnEG3BAI3UzOWrBV2KSy52OUKRuhBFKryh1StXI6jEK2ZMyi7bI9BZ4kxIvpK9rz4+fO+cNnOfbitksc8DZBK0rjt2hI0BKBRM8mHGjTWPgPWgw+uGBuBz3RiMjhnSPaO0aDtU5gVIR+rviQH4Wvd9zyR9wK6e9hLxP68eY/uoMRBBFCMP2HhRO5YUQ5o0Q1tCcYaybwgwJcxfKeuCAoamv6QEZ/rkWXK+X3YOynbVyVdKZIw02Sa7pEAcckgq5ISckhph5JY8kRfyat1Zz9ab9T6OpqzJzBb5A+vjB+3YnUA=</latexit>

Q(s, u, ✓) ⇡ Q?(s, u)
<latexit sha1_base64="cF3fKRg66VA80oyLlzdR1GjhlIU=">AAAB83icbVDLSsNAFJ3UV62vqktBBovgQkoiiO4suHHZgn1AE8pkOmmHTmbCzI1SQpf+ghsXirh14c7vcOc36EeYtF1o64ELh3Pu5d57/EhwA7b9aeUWFpeWV/KrhbX1jc2t4vZOw6hYU1anSijd8olhgktWBw6CtSLNSOgL1vQHl5nfvGHacCWvYRgxLyQ9yQNOCaSS62re6wPRWt0WOsWSXbbHwPPEmZLSxdvX3f577bvaKX64XUXjkEmgghjTduwIvIRo4FSwUcGNDYsIHZAea6dUkpAZLxnfPMKHqdLFgdJpScBj9fdEQkJjhqGfdoYE+mbWy8T/vHYMwbmXcBnFwCSdLApigUHhLADc5ZpREMOUEKp5eiumfaIJhTSmLARn9uV50jgpO6dlu+aUKsdogjzaQwfoCDnoDFXQFaqiOqIoQvfoET1ZsfVgPVsvk9acNZ3ZRX9gvf4A8XKV/w==</latexit>!
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► Learn by minimizing the Mean Square Error between:
■ Target : 
■ Prediction :

► Ensure stable learning by applying:
■ Experience Replay : Store the experience in replay memory      and train 

using random mini-batches from
■ Fixed target Network : Use a second network where its weights are fixed, and only periodically or 

slowly updated to the primary network values for 
■ Double DQN : Use a second network to decouple the action selection from the target Q value 

generation, i.e. 

► Ensure adequate exploration of the state space by using - greedy strategy:
■ Choose best action with probability
■ Select random action with probability

MODEL- FREE APPROACH
Training the Neural Network

<latexit sha1_base64="7usvoElf6udd1lUkoftDfMieJBw=">AAAB7nicbZC7SgNBFIZnvcZ4i1oKshgECwm7gmhnwMYyAXOBZAmzk7PJkNnZZeasEJaUPoCNhSK2tnY+h53PoA/hbJJCE38Y+Pj/c5hzjh8LrtFxPq2FxaXlldXcWn59Y3Nru7CzW9dRohjUWCQi1fSpBsEl1JCjgGasgIa+gIY/uMryxi0ozSN5g8MYvJD2JA84o2isRhv7gDTfKRSdkjOWPQ/uFIqXb193B+/V70qn8NHuRiwJQSITVOuW68TopVQhZwJG+XaiIaZsQHvQMihpCNpLx+OO7CPjdO0gUuZJtMfu746UhloPQ99UhhT7ejbLzP+yVoLBhZdyGScIkk0+ChJhY2Rnu9tdroChGBqgTHEzq836VFGG5kLZEdzZleehflpyz0pO1S2WT8hEObJPDskxcck5KZNrUiE1wsiA3JNH8mTF1oP1bL1MShesac8e+SPr9QfQcZOa</latexit>

✓
<latexit sha1_base64="hA2ZaVimw05CisiElaVdkPm6BiI=">AAACEXicbVDLSgNBEJyNrxhfUY9eBoOQkBB2RVHwEvDiMQHzgCQss5NJMmR2dpnpEcKSX/Dir3jxoIhXb978GyePgyYWNBRV3XR3BbHgGlz320mtrW9sbqW3Mzu7e/sH2cOjho6MoqxOIxGpVkA0E1yyOnAQrBUrRsJAsGYwup36zQemNI/kPYxj1g3JQPI+pwSs5GfzmOa1L0vGlwVcxJ2QS9/gmtUSWfQmJXPTgSEDUvCzObfszoBXibcgObRA1c9+dXoRNSGTQAXRuu25MXQTooBTwSaZjtEsJnREBqxtqSQh091k9tEEn1mlh/uRsiUBz9TfEwkJtR6Hge0MCQz1sjcV//PaBvrX3YTL2ACTdL6obwSGCE/jwT2uGAUxtoRQxe2tmA6JIhRsiBkbgrf88ippnJe9y7Jbu8hVSos40ugEnaI88tAVqqA7VEV1RNEjekav6M15cl6cd+dj3ppyFjPH6A+czx/8Tpsu</latexit>

c(sn, un) + min
u

Q(sn+1, u; ✓)
<latexit sha1_base64="l7EOEJrDc8fD66GyeY/oJnjUQ5M=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSxChVISURS8FLx4bMF+QBvCZrttl242YXeilNif4sWDIl79Jd78N27bHLT1wcDjvRlm5gWx4Boc59vKra1vbG7ltws7u3v7B3bxsKWjRFHWpJGIVCcgmgkuWRM4CNaJFSNhIFg7GN/O/PYDU5pH8h4mMfNCMpR8wCkBI/l2sVHWvqwkvrzpwYgBOfPtklN15sCrxM1ICWWo+/ZXrx/RJGQSqCBad10nBi8lCjgVbFroJZrFhI7JkHUNlSRk2kvnp0/xqVH6eBApUxLwXP09kZJQ60kYmM6QwEgvezPxP6+bwODaS7mME2CSLhYNEoEhwrMccJ8rRkFMDCFUcXMrpiOiCAWTVsGE4C6/vEpa51X3suo0Lkq1ShZHHh2jE1RGLrpCNXSH6qiJKHpEz+gVvVlP1ov1bn0sWnNWNnOE/sD6/AE1Y5NA</latexit>

Q(sn, un; ✓)

<latexit sha1_base64="xOSpXaRGQjlCtl3iP4KdRYRnmqE=">AAACBXicbZDLSsNAFIZP6q3WW9SlLgaLULGURBRdFty4rGAvkIYwmU7boZNJmJkIJXTjxldx40IRt76DO9/GaZuFVn848PGfc5g5f5hwprTjfFmFpeWV1bXiemljc2t7x97da6k4lYQ2Scxj2QmxopwJ2tRMc9pJJMVRyGk7HF1P++17KhWLxZ0eJ9SP8ECwPiNYGyuwDz0ViGpqilRyOqmqIBOn7sQP7LJTc2ZCf8HNoQy5GoH92e3FJI2o0IRjpTzXSbSfYakZ4XRS6qaKJpiM8IB6BgWOqPKz2RUTdGycHurH0pTQaOb+3MhwpNQ4Cs1khPVQLfam5n89L9X9Kz9jIkk1FWT+UD/lSMdoGgnqMUmJ5mMDmEhm/orIEEtMtAmuZEJwF0/+C62zmntRc27Py/VqHkcRDuAIKuDCJdThBhrQBAIP8AQv8Go9Ws/Wm/U+Hy1Y+c4+/JL18Q3Fvpdl</latexit>

[sn, un, c(sn, un), sn+1]
<latexit sha1_base64="b1TnLPV2mb6cxMBdSbjX5pmjg/M=">AAAB83icbVC7SgNBFL0bXzG+opaCDAbBQsKuINoZsLEREjAPyC5hdjKbDJmdXWZmhbCk9BdsLBSxtbDzO+z8Bv0IZ5MUmnhg4HDOvdwzx485U9q2P63cwuLS8kp+tbC2vrG5VdzeaagokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH1xmfvOWSsUicaOHMfVC3BMsYARrI7luiHWfYJ5ejwqdYsku22OgeeJMSeni7etu/732Xe0UP9xuRJKQCk04Vqrt2LH2Uiw1I5yOCm6iaIzJAPdo21CBQ6q8dJx5hA6N0kVBJM0TGo3V3xspDpUahr6ZzDKqWS8T//PaiQ7OvZSJONFUkMmhIOFIRygrAHWZpETzoSGYSGayItLHEhNtaspKcGa/PE8aJ2XntGzXnFLlGCbIwx4cwBE4cAYVuIIq1IFADPfwCE9WYj1Yz9bLZDRnTXd24Q+s1x+xF5XV</latexit>

M
<latexit sha1_base64="b1TnLPV2mb6cxMBdSbjX5pmjg/M=">AAAB83icbVC7SgNBFL0bXzG+opaCDAbBQsKuINoZsLEREjAPyC5hdjKbDJmdXWZmhbCk9BdsLBSxtbDzO+z8Bv0IZ5MUmnhg4HDOvdwzx485U9q2P63cwuLS8kp+tbC2vrG5VdzeaagokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH1xmfvOWSsUicaOHMfVC3BMsYARrI7luiHWfYJ5ejwqdYsku22OgeeJMSeni7etu/732Xe0UP9xuRJKQCk04Vqrt2LH2Uiw1I5yOCm6iaIzJAPdo21CBQ6q8dJx5hA6N0kVBJM0TGo3V3xspDpUahr6ZzDKqWS8T//PaiQ7OvZSJONFUkMmhIOFIRygrAHWZpETzoSGYSGayItLHEhNtaspKcGa/PE8aJ2XntGzXnFLlGCbIwx4cwBE4cAYVuIIq1IFADPfwCE9WYj1Yz9bLZDRnTXd24Q+s1x+xF5XV</latexit>

M
<latexit sha1_base64="4fx7v3RYLWe7jkxJy7C8EGgLZpg=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69BIvoQUoiih4LXjxWsLbQhrLZTtqlm03YnQil9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5YSqFIc/7dgorq2vrG8XN0tb2zu5eef/g0SSZ5tjgiUx0K2QGpVDYIEESW6lGFocSm+Hwduo3n1AbkagHGqUYxKyvRCQ4Iys1OzRAYqfdcsWrejO4y8TPSQVy1Lvlr04v4VmMirhkxrR9L6VgzDQJLnFS6mQGU8aHrI9tSxWL0QTj2bkT98QqPTdKtC1F7kz9PTFmsTGjOLSdMaOBWfSm4n9eO6PoJhgLlWaEis8XRZl0KXGnv7s9oZGTHFnCuBb2VpcPmGacbEIlG4K/+PIyebyo+ldV7/6yUjvP4yjCERzDGfhwDTW4gzo0gMMQnuEV3pzUeXHenY95a8HJZw7hD5zPHwE2j0c=</latexit>

✓0
<latexit sha1_base64="p8FDHBFGshiRQsxLcYXWNysbvoE=">AAACDnicbVDLSgNBEJyNrxhfUY9eFkMwYgi7oih4CXjxmIB5QBLC7KSTDJmdXWZ6xbDsF3jxV7x4UMSrZ2/+jZPHQaMFDUVV9/R0eaHgGh3ny0otLa+srqXXMxubW9s72d29ug4ixaDGAhGopkc1CC6hhhwFNEMF1PcENLzR9cRv3IHSPJC3OA6h49OB5H3OKBqpm81XC7obyxM3KUZXbYR7nL4ZK+glcRuHgPQoOe5mc07JmcL+S9w5yZE5Kt3sZ7sXsMgHiUxQrVuuE2Inpgo5E5Bk2pGGkLIRHUDLUEl90J14ujqx80bp2f1AmZJoT9WfEzH1tR77nun0KQ71ojcR//NaEfYvOzGXYYQg2WxRPxI2BvYkG7vHFTAUY0MoU9z81WZDqihDk2DGhOAunvyX1E9L7nnJqZ7lysV5HGlyQA5JgbjkgpTJDamQGmHkgTyRF/JqPVrP1pv1PmtNWfOZffIL1sc3LIqcIQ==</latexit>

Q(sn+1, u; ✓
0)

<latexit sha1_base64="MpUHmXghN2YBq3BDTcKsMsoDQBc="></latexit>

Q(sn+1, argminuQ(sn+1, u; ✓); ✓
0)

<latexit sha1_base64="ShaQE29SlEjhDC2gW4frZBeqo4I=">AAACBXicbVDLSgNBEJz1GeMr6lEPg0GIEMKuKAoiBLx4TMA8ILsss5NJMmR2dpnpEULIxYu/4sWDIl79B2/+jZPHQRMLGoqqbrq7olRwDa777Swtr6yurWc2sptb2zu7ub39uk6MoqxGE5GoZkQ0E1yyGnAQrJkqRuJIsEbUvx37jQemNE/kPQxSFsSkK3mHUwJWCnNHJpT4Bvsxl6HB1YIOZdFc+9BjQE7DXN4tuRPgReLNSB7NUAlzX347oSZmEqggWrc8N4VgSBRwKtgo6xvNUkL7pMtalkoSMx0MJ1+M8IlV2riTKFsS8ET9PTEksdaDOLKdMYGenvfG4n9ey0DnKhhymRpgkk4XdYzAkOBxJLjNFaMgBpYQqri9FdMeUYSCDS5rQ/DmX14k9bOSd1Fyq+f5cnEWRwYdomNUQB66RGV0hyqohih6RM/oFb05T86L8+58TFuXnNnMAfoD5/MHdWSXNA==</latexit>

un = min
u

Q(sn, u; ✓)

<latexit sha1_base64="rKv8K1KY/JY9sx3YUCajZL+r5Pw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgIeFOFC0DNpYRTAwkR9jbzCVL9nbP3T0hhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwSU2LLcCW6lGmkQCH6LhzdR/eEJtuJL3dpRimNC+5DFn1Dqp1cHUcKFkt1zxq/4MZJkEOalAjnq3/NXpKZYlKC0T1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOSJmjC8ezeCTlxSo/ESruSlszU3xNjmhgzSiLXmVA7MIveVPzPa2c2vg7HXKaZRcnmi+JMEKvI9HnS4xqZFSNHKNPc3UrYgGrKrIuo5EIIFl9eJs3zanBZ9e8uKrWzPI4iHMExnEIAV1CDW6hDAxgIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AFHhZAO</latexit>✏
<latexit sha1_base64="mmF1kpEhWeJO0OY6Vhs2AHIMlQQ=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgoeFOFC0DNpYRjAlcQtjbzCVL9naP3TkhhPwMGwtFbP01dv4bN8kVmvhg4PHeDDPzolQKi77/7RVWVtfWN4qbpa3tnd298v7Bo9WZ4dDgWmrTipgFKRQ0UKCEVmqAJZGEZjS8nfrNJzBWaPWAoxQ6CesrEQvO0ElhcE7bkFohteqWK37Vn4EukyAnFZKj3i1/tXuaZwko5JJZGwZ+ip0xMyi4hEmpnVlIGR+yPoSOKpaA7YxnJ0/oiVN6NNbGlUI6U39PjFli7SiJXGfCcGAXvan4nxdmGN90xkKlGYLi80VxJilqOv2f9oQBjnLkCONGuFspHzDDOLqUSi6EYPHlZfJ4UQ2uqv79ZaV2lsdRJEfkmJySgFyTGrkjddIgnGjyTF7Jm4fei/fufcxbC14+c0j+wPv8AXnnkKo=</latexit>

1� ✏
<latexit sha1_base64="rKv8K1KY/JY9sx3YUCajZL+r5Pw=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgIeFOFC0DNpYRTAwkR9jbzCVL9nbP3T0hhPwJGwtFbP07dv4bN8kVmvhg4PHeDDPzolRwY33/2yusrK6tbxQ3S1vbO7t75f2DplGZZthgSijdiqhBwSU2LLcCW6lGmkQCH6LhzdR/eEJtuJL3dpRimNC+5DFn1Dqp1cHUcKFkt1zxq/4MZJkEOalAjnq3/NXpKZYlKC0T1Jh24Kc2HFNtORM4KXUygyllQ9rHtqOSJmjC8ezeCTlxSo/ESruSlszU3xNjmhgzSiLXmVA7MIveVPzPa2c2vg7HXKaZRcnmi+JMEKvI9HnS4xqZFSNHKNPc3UrYgGrKrIuo5EIIFl9eJs3zanBZ9e8uKrWzPI4iHMExnEIAV1CDW6hDAxgIeIZXePMevRfv3fuYtxa8fOYQ/sD7/AFHhZAO</latexit>✏
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1. Interact/Explore à Replay memory 
2. Prepare data/Train the network

MODEL- FREE APPROACH
Step Training Example

<latexit sha1_base64="b1TnLPV2mb6cxMBdSbjX5pmjg/M=">AAAB83icbVC7SgNBFL0bXzG+opaCDAbBQsKuINoZsLEREjAPyC5hdjKbDJmdXWZmhbCk9BdsLBSxtbDzO+z8Bv0IZ5MUmnhg4HDOvdwzx485U9q2P63cwuLS8kp+tbC2vrG5VdzeaagokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH1xmfvOWSsUicaOHMfVC3BMsYARrI7luiHWfYJ5ejwqdYsku22OgeeJMSeni7etu/732Xe0UP9xuRJKQCk04Vqrt2LH2Uiw1I5yOCm6iaIzJAPdo21CBQ6q8dJx5hA6N0kVBJM0TGo3V3xspDpUahr6ZzDKqWS8T//PaiQ7OvZSJONFUkMmhIOFIRygrAHWZpETzoSGYSGayItLHEhNtaspKcGa/PE8aJ2XntGzXnFLlGCbIwx4cwBE4cAYVuIIq1IFADPfwCE9WYj1Yz9bLZDRnTXd24Q+s1x+xF5XV</latexit>

M



14/10/2021JOINT RESOURCE SCHEDULING AND OFFLOADING POLICIES FOR EH DEVICES

16MODEL- FREE APPROACH
Numerical Results - Discarded Packets

► RL policy is almost optimal in most
of the cases

► DRL policy achieves optimal performance 
for high

Percentage of discarded packets versus data arrival rate 
for different energy arrival rates

<latexit sha1_base64="rpf0QRa38PEOIMLxd/j+CGPxfn0=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCBymJKHosePFYwdZKG8pm89Iu3U3C7kYoob/CiwdFvPpzvPlv3LY5aOvAwjAzj31vglRwbVz32ymtrK6tb5Q3K1vbO7t71f2Dtk4yxbDFEpGoTkA1Ch5jy3AjsJMqpDIQ+BCMbqb+wxMqzZP43oxT9CUdxDzijBorPfaEjYa0j/1qza27M5Bl4hWkBgWa/epXL0xYJjE2TFCtu56bGj+nynAmcFLpZRpTykZ0gF1LYypR+/ls4Qk5sUpIokTZFxsyU39P5FRqPZaBTUpqhnrRm4r/ed3MRNd+zuM0Mxiz+UdRJohJyPR6EnKFzIixJZQpbnclbEgVZcZ2VLEleIsnL5P2ed27rLt3F7XGWVFHGY7gGE7BgytowC00oQUMJDzDK7w5ynlx3p2PebTkFDOH8AfO5w+wU5BD</latexit>

�e
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Numerical Results - Processing Decisions

► Small                        local mode ► High                        remote and local modes

Percentage of processing decisions Percentage of processing decisions

<latexit sha1_base64="WRwFBx0apysmuT/E0CFOdg/v6WU=">AAACGXicbVDLSgMxFM34qFpfVZcujBbBRS0zguiy4Malim2FTil3MrdtaCYzJhmllP6GG3/FjQtFXOrK//ADTB+CWg8EDuecy809QSK4Nq774UxNz8xm5uYXsotLyyurubX1io5TxbDMYhGrqwA0Ci6xbLgReJUohCgQWA06JwO/eoNK81hemm6C9Qhakjc5A2OlRs71hQ2H0AgL9Jsi9SWCUvEt9a9TCKl/wVttM1SyjVzeLbpD0EnijUm+lKmIz63t/bNG7s0PY5ZGKA0ToHXNcxNT74EynAnsZ/1UYwKsAy2sWSohQl3vDS/r012rhLQZK/ukoUP150QPIq27UWCTEZi2/usNxP+8Wmqax/Uel0lqULLRomYqqInpoCYacoXMiK4lwBS3f6WsDQqYsWUOSvD+njxJKgdF77Donnv5UoGMME82yQ7ZIx45IiVySs5ImTByRx7IE3l27p1H58V5HUWnnPHMBvkF5/0LAwiifA==</latexit>

�d,�e % )
<latexit sha1_base64="EN7nE4akfvxvLFJLGCNCMjvMnHQ=">AAAB8nicbZDNSgMxFIUzVWutf1WXboJFcCFlRhBdFty4rGB/YKaUTJppQzPJkNyxlKGP4caFIm59BJc+gTvfxkzbhbYeCHyccy+594aJ4AZc99sprK1vFDdLW+Xtnd29/crBYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYORzd53n5g2nAl72GSsG5MBpJHnBKwlo8DyYjWaozLvUrVrbkz4VXwFlCtF1vh+DP4aPQqX0Ff0TRmEqggxviem0A3Ixo4FWxaDlLDEkJHZMB8i5LEzHSz2chTfGqdPo6Utk8Cnrm/OzISGzOJQ1sZExia5Sw3/8v8FKLrbsZlkgKTdP5RlAoMCuf74z7XjIKYWCBUczsrpkOiCQV7pfwI3vLKq9C6qHmXNffOq9bP0VwldIxO0Bny0BWqo1vUQE1EkUKP6Bm9OOA8Oa/O27y04Cx6jtAfOe8/py6TyA==</latexit>

%
<latexit sha1_base64="WRwFBx0apysmuT/E0CFOdg/v6WU=">AAACGXicbVDLSgMxFM34qFpfVZcujBbBRS0zguiy4Malim2FTil3MrdtaCYzJhmllP6GG3/FjQtFXOrK//ADTB+CWg8EDuecy809QSK4Nq774UxNz8xm5uYXsotLyyurubX1io5TxbDMYhGrqwA0Ci6xbLgReJUohCgQWA06JwO/eoNK81hemm6C9Qhakjc5A2OlRs71hQ2H0AgL9Jsi9SWCUvEt9a9TCKl/wVttM1SyjVzeLbpD0EnijUm+lKmIz63t/bNG7s0PY5ZGKA0ToHXNcxNT74EynAnsZ/1UYwKsAy2sWSohQl3vDS/r012rhLQZK/ukoUP150QPIq27UWCTEZi2/usNxP+8Wmqax/Uel0lqULLRomYqqInpoCYacoXMiK4lwBS3f6WsDQqYsWUOSvD+njxJKgdF77Donnv5UoGMME82yQ7ZIx45IiVySs5ImTByRx7IE3l27p1H58V5HUWnnPHMBvkF5/0LAwiifA==</latexit>

�d,�e % )
<latexit sha1_base64="EN7nE4akfvxvLFJLGCNCMjvMnHQ=">AAAB8nicbZDNSgMxFIUzVWutf1WXboJFcCFlRhBdFty4rGB/YKaUTJppQzPJkNyxlKGP4caFIm59BJc+gTvfxkzbhbYeCHyccy+594aJ4AZc99sprK1vFDdLW+Xtnd29/crBYcuoVFPWpEoo3QmJYYJL1gQOgnUSzUgcCtYORzd53n5g2nAl72GSsG5MBpJHnBKwlo8DyYjWaozLvUrVrbkz4VXwFlCtF1vh+DP4aPQqX0Ff0TRmEqggxviem0A3Ixo4FWxaDlLDEkJHZMB8i5LEzHSz2chTfGqdPo6Utk8Cnrm/OzISGzOJQ1sZExia5Sw3/8v8FKLrbsZlkgKTdP5RlAoMCuf74z7XjIKYWCBUczsrpkOiCQV7pfwI3vLKq9C6qHmXNffOq9bP0VwldIxO0Bny0BWqo1vUQE1EkUKP6Bm9OOA8Oa/O27y04Cx6jtAfOe8/py6TyA==</latexit>

%
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► Investigate resource scheduling and computation offloading for EH mobile device

■ Optimal policy outperforms other policies by adapting the number of executed packets
to the system states

■ DRL-based policy can be improved by improving training 
● with larger training set
● using multistep learning algorithms

Ongoing and future work

► Consider multiple users

► Investigate Non-orthogonal multiple access NOMA

■ « Bourse d’excellence » Telecom SudParis for PhD thesis

CONCLUSION


