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Introduction to Cell-Free



Cellular to Cell-Free: A Paradigm Shift

• Mitigates effects of path loss
• Improved macro-diversity
• Improved link reliability
• Uniform QoS
• 10× SE compared to

cellular†
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† G. Interdonato et al., “Ubiquitous cell-free massive MIMO communications,”
EURASIP J. Wireless Commun. Netw., vol. 2019, no. 1, p. 197, Dec. 2019
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AP

A typical CF-mMIMO setup

Key Idea
Multi-cell/multi-user interference of cellular mMIMO is treated
as useful information-bearing signals

† G. Interdonato et al., “Ubiquitous cell-free massive MIMO communications,”
EURASIP J. Wireless Commun. Netw., vol. 2019, no. 1, p. 197, Dec. 2019
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Signal Processing Challenges

• Channel estimation: All APs need to estimate the channels
from all UEs with low NMSE

• Duplexing scheme: Enable simultaneous uplink and
downlink transmission reception capability

• Load: Effects of limited capacity front-haul

• Scalability: Should all APs serve all the UEs?

• Mobility: Effects of channel aging

• Synchronization: Effects of slowness of the speed of light
... so on...
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We addressed

CF-MIMO

Synchronization:
Async.

Reception

Channel Est.:
Pilot Design &

Allocation Algos.

Dynamic TDD:
Virtual

Full-Duplex
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Reception

Channel Est.:
Pilot Design &
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Full-Duplex

Today’s presentation!
4



Channel Estimation



Challenge in Joint Estimation

• There is no inherent UE
grouping/clustering

• All the APs in the vicinity of
a UE need to obtain good
channel estimates
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Color code for orthogonal pilots.

• Random allocation: Huge pilot contamination

• Exhaustive search: prohibitive O(τK
p )

• No pilot contamination: τp ≥ K

• Proportionally reduces data transmission duration

5



Challenge in Joint Estimation

• There is no inherent UE
grouping/clustering

• All the APs in the vicinity of
a UE need to obtain good
channel estimates

<latexit sha1_base64="PijRAOaO5aDEy+6HHwCRCER2Yr8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2OhHjxWNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkkyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc1Wd+64lrIxL1iOOUBzEdKBEJRtFKD/WG3yuV3Yo7B1klXk7KkKPRK311+wnLYq6QSWpMx3NTDCZUo2CST4vdzPCUshEd8I6lisbcBJP5qVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tkGN0EE6HSDLlii0VRJgkmZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdoQvOWXV0mzWvGuKpf31XLtNo+jAKdwBhfgwTXU4A4a4AODATzDK7w50nlx3p2PReuak8+cwB84nz/d4o2K</latexit>

CPU<latexit sha1_base64="aN6H5Qste2XuIdbzTerYX8qTDKc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2NBBY9VTFtoQ9lsJ+3SzSbsboRS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hweuo3n1BpnshHM0oxiGlf8ogzaqz04N92S2W34s5AlomXkzLkqHdLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnl06IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroIxl2lmULL5oigTxCRk+jbpcYXMiJEllClubyVsQBVlxoZTtCF4iy8vk0a14l1Uzu+r5dpNHkcBjuEEzsCDS6jBHdTBBwYRPMMrvDlD58V5dz7mrStOPnMEf+B8/gBCQ40y</latexit>

UE

<latexit sha1_base64="G83PlPPetRRjRXUtRALaJTPG0DA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqswUfCwrunBZxT6gHSST3mlDM5khyQhl6B+4caGIW//InX9j2s5CWw8EDuecS+49QSK4Nq777RRWVtfWN4qbpa3tnd298v5BS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAej66nffkKleSwfzDhBP6IDyUPOqLHS/VXjsVxxq+4MZJl4OalADpv/6vVjlkYoDRNU667nJsbPqDKcCZyUeqnGhLIRHWDXUkkj1H4223RCTqzSJ2Gs7JOGzNTfExmNtB5HgU1G1Az1ojcV//O6qQkv/YzLJDUo2fyjMBXExGR6NulzhcyIsSWUKW53JWxIFWXGllOyJXiLJy+TVq3qnVfP7mqV+k1eRxGO4BhOwYMLqMMtNKAJDEJ4hld4c0bOi/PufMyjBSefOYQ/cD5/ADSLjSk=</latexit>

AP

Color code for orthogonal pilots.

• Random allocation: Huge pilot contamination
• Exhaustive search: prohibitive O(τK

p )

• No pilot contamination: τp ≥ K

• Proportionally reduces data transmission duration

5



Challenge in Joint Estimation

• There is no inherent UE
grouping/clustering

• All the APs in the vicinity of
a UE need to obtain good
channel estimates

<latexit sha1_base64="PijRAOaO5aDEy+6HHwCRCER2Yr8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2OhHjxWNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkkyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc1Wd+64lrIxL1iOOUBzEdKBEJRtFKD/WG3yuV3Yo7B1klXk7KkKPRK311+wnLYq6QSWpMx3NTDCZUo2CST4vdzPCUshEd8I6lisbcBJP5qVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tkGN0EE6HSDLlii0VRJgkmZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdoQvOWXV0mzWvGuKpf31XLtNo+jAKdwBhfgwTXU4A4a4AODATzDK7w50nlx3p2PReuak8+cwB84nz/d4o2K</latexit>

CPU<latexit sha1_base64="aN6H5Qste2XuIdbzTerYX8qTDKc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2NBBY9VTFtoQ9lsJ+3SzSbsboRS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hweuo3n1BpnshHM0oxiGlf8ogzaqz04N92S2W34s5AlomXkzLkqHdLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnl06IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroIxl2lmULL5oigTxCRk+jbpcYXMiJEllClubyVsQBVlxoZTtCF4iy8vk0a14l1Uzu+r5dpNHkcBjuEEzsCDS6jBHdTBBwYRPMMrvDlD58V5dz7mrStOPnMEf+B8/gBCQ40y</latexit>

UE

<latexit sha1_base64="G83PlPPetRRjRXUtRALaJTPG0DA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqswUfCwrunBZxT6gHSST3mlDM5khyQhl6B+4caGIW//InX9j2s5CWw8EDuecS+49QSK4Nq777RRWVtfWN4qbpa3tnd298v5BS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAej66nffkKleSwfzDhBP6IDyUPOqLHS/VXjsVxxq+4MZJl4OalADpv/6vVjlkYoDRNU667nJsbPqDKcCZyUeqnGhLIRHWDXUkkj1H4223RCTqzSJ2Gs7JOGzNTfExmNtB5HgU1G1Az1ojcV//O6qQkv/YzLJDUo2fyjMBXExGR6NulzhcyIsSWUKW53JWxIFWXGllOyJXiLJy+TVq3qnVfP7mqV+k1eRxGO4BhOwYMLqMMtNKAJDEJ4hld4c0bOi/PufMyjBSefOYQ/cD5/ADSLjSk=</latexit>

AP

Color code for orthogonal pilots.

• Random allocation: Huge pilot contamination
• Exhaustive search: prohibitive O(τK

p )
• No pilot contamination: τp ≥ K

• Proportionally reduces data transmission duration

5



Challenge in Joint Estimation

• There is no inherent UE
grouping/clustering

• All the APs in the vicinity of
a UE need to obtain good
channel estimates

<latexit sha1_base64="PijRAOaO5aDEy+6HHwCRCER2Yr8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2OhHjxWNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkkyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc1Wd+64lrIxL1iOOUBzEdKBEJRtFKD/WG3yuV3Yo7B1klXk7KkKPRK311+wnLYq6QSWpMx3NTDCZUo2CST4vdzPCUshEd8I6lisbcBJP5qVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tkGN0EE6HSDLlii0VRJgkmZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdoQvOWXV0mzWvGuKpf31XLtNo+jAKdwBhfgwTXU4A4a4AODATzDK7w50nlx3p2PReuak8+cwB84nz/d4o2K</latexit>

CPU<latexit sha1_base64="aN6H5Qste2XuIdbzTerYX8qTDKc=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2NBBY9VTFtoQ9lsJ+3SzSbsboRS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MBVcG9f9dlZW19Y3Ngtbxe2d3b390sFhQyeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+Hweuo3n1BpnshHM0oxiGlf8ogzaqz04N92S2W34s5AlomXkzLkqHdLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnl06IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroIxl2lmULL5oigTxCRk+jbpcYXMiJEllClubyVsQBVlxoZTtCF4iy8vk0a14l1Uzu+r5dpNHkcBjuEEzsCDS6jBHdTBBwYRPMMrvDlD58V5dz7mrStOPnMEf+B8/gBCQ40y</latexit>

UE

<latexit sha1_base64="G83PlPPetRRjRXUtRALaJTPG0DA=">AAAB6XicbVDLSgMxFL1TX7W+qi7dBIvgqswUfCwrunBZxT6gHSST3mlDM5khyQhl6B+4caGIW//InX9j2s5CWw8EDuecS+49QSK4Nq777RRWVtfWN4qbpa3tnd298v5BS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAej66nffkKleSwfzDhBP6IDyUPOqLHS/VXjsVxxq+4MZJl4OalADpv/6vVjlkYoDRNU667nJsbPqDKcCZyUeqnGhLIRHWDXUkkj1H4223RCTqzSJ2Gs7JOGzNTfExmNtB5HgU1G1Az1ojcV//O6qQkv/YzLJDUo2fyjMBXExGR6NulzhcyIsSWUKW53JWxIFWXGllOyJXiLJy+TVq3qnVfP7mqV+k1eRxGO4BhOwYMLqMMtNKAJDEJ4hld4c0bOi/PufMyjBSefOYQ/cD5/ADSLjSk=</latexit>

AP

Color code for orthogonal pilots.

• Random allocation: Huge pilot contamination
• Exhaustive search: prohibitive O(τK

p )
• No pilot contamination: τp ≥ K

• Proportionally reduces data transmission duration

5



Our Aim

Typical TDD frame structure

Pilot length

UL & DL
Data duration

Pilot
Contamination
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Our Aim

Typical TDD frame structure

Pilot length

UL & DL
Data duration

Pilot
Contamination

Optimize the pilot length

• Reduce pilot contamination using least length pilot
• Maximize data duration
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MMSE Channel Estimator

f̂mk=
√
τpEp,kβmkcmk yp,m

Local estimate of
kth UE’s channel

at the mth AP

Received signal
at the mth AP

cmk , (τpEp,kβmk + τp
∑

n∈Pl(k)\k
Ep,nβmn + N0)−1

Pilot reusing UEs
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MMSE Channel Estimator

f̂mk=
√
τpEp,kβmkcmk yp,m

Local estimate of
kth UE’s channel

at the mth AP

Received signal
at the mth AP

cmk , (τpEp,kβmk + τp
∑

n∈Pl(k)\k
Ep,nβmn + N0)−1

Pilot reusing UEs

Key Observation
If pilot reusing UEs are far apart, then pilot contamination will
be considerably lower
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Clustering & Pilot Allocation



Clustering: Motivation

<latexit sha1_base64="MR1+WY7CMcRWOsmO0PTUhY/BK1E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2WxG5cVnLbQGUomTdvQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OlHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqCPVJzGPVjbCmnEnqG2Y47SaKYhFx2okmzdzvPFGlWSwfzTShocAjyYaMYGOlIBDYjJXImi1/1q/W3Lo7B1olXkFqUKDVr34Fg5ikgkpDONa657mJCTOsDCOczipBqmmCyQSPaM9SiQXVYTbPPENnVhmgYazskwbN1d8bGRZaT0VkJ/OMetnLxf+8XmqGt2HGZJIaKsni0DDlyMQoLwANmKLE8KklmChmsyIyxgoTY2uq2BK85S+vkvZF3buuXz1c1hp3RR1lOIFTOAcPbqAB99ACHwgk8Ayv8Oakzovz7nwsRktOsXMMf+B8/gAffJHB</latexit>

CPU

<latexit sha1_base64="qPANqHw4YwMC1E/elhpqyL9Ym5g=">AAACAXicbVDLSsNAFL3xWesr6kZwEyyCG0sivpalblxWsA9oQ5lMJ+3QmUmYmQgltBt/xY0LRdz6F+78GydtFtp6YOBwzr1z7z1BzKjSrvttLS2vrK6tFzaKm1vbO7v23n5DRYnEpI4jFslWgBRhVJC6ppqRViwJ4gEjzWB4m/nNRyIVjcSDHsXE56gvaEgx0kbq2ocdjvRA8rSK8PBsgBI2MV8N1bhrl9yyO4WzSLyclCBHrWt/dXoRTjgRGjOkVNtzY+2nSGqKGRkXO4kisRmC+qRtqECcKD+dXjB2TozSc8JImie0M1V/d6SIKzXiganM9lXzXib+57UTHd74KRVxoonAs0FhwhwdOVkcTo9KgjUbGYKwpGZXBw+QRFib0IomBG/+5EXSOC97V+XL+4tSpZrHUYAjOIZT8OAaKnAHNagDhgk8wyu8WU/Wi/VufcxKl6y85wD+wPr8ATral2k=</latexit>

Back � haul links
<latexit sha1_base64="bXKg0y0MXe0uF5SragA2LStUqQw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQT6cBHbNqTtTwEXilqQGSjQD+8uLBM4SwjVmSKme66Taz5HUFDMyqXqZIinCQ9QnPUM5Sojy8+kFE3hilAjGQprHNZyqvztylKhiSVOZID1Q814h/uf1Mh1f+znlaaYJx7NBccagFrCIA0ZUEqzZ2BCEJTW7QjxAEmFtQquaENz5kxdJ+6zuXtYv7s9rjZsyjgo4AsfgFLjgCjTAHWiCFsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP6HKX2A==</latexit>'k

<latexit sha1_base64="Fw8Hadlb1RnBPtVaReAoL+3Bz3g=">AAACHHicbVDLSsNAFJ34rPVVdekmWARXJfG9LLpxWcE+oA1lMpm2QyczYeZGKCH5Dzf+ihsXirhxIfg3TtoK2npg4HDuY849fsSZBsf5shYWl5ZXVgtrxfWNza3t0s5uQ8tYEVonkkvV8rGmnAlaBwactiJFcehz2vSH13m9eU+VZlLcwSiiXoj7gvUYwWCkbumkE2IYqDCpMS4h06PQlzzDWrO+oEEGMs2GPy0wyGJNVdotlZ2KM4Y9T9wpKaMpat3SRyeQJA6pAMLN7rbrROAlWAEjnKbFjlkbYTLEfdo2VOCQai8ZH5fah0YJ7J5U5gmwx+rviQSHOrdtOnOferaWi//V2jH0Lr2EiSgGKsjko17MbZB2npQdMEUJ8JEhmChmvNpkgBUmYPIsmhDc2ZPnSeO44p5Xzm5Py9WraRwFtI8O0BFy0QWqohtUQ3VE0AN6Qi/o1Xq0nq03633SumBNZ/bQH1if32+spLg=</latexit>

Pilot symbol assigned to kth user

<latexit sha1_base64="bXKg0y0MXe0uF5SragA2LStUqQw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQT6cBHbNqTtTwEXilqQGSjQD+8uLBM4SwjVmSKme66Taz5HUFDMyqXqZIinCQ9QnPUM5Sojy8+kFE3hilAjGQprHNZyqvztylKhiSVOZID1Q814h/uf1Mh1f+znlaaYJx7NBccagFrCIA0ZUEqzZ2BCEJTW7QjxAEmFtQquaENz5kxdJ+6zuXtYv7s9rjZsyjgo4AsfgFLjgCjTAHWiCFsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP6HKX2A==</latexit>'k
<latexit sha1_base64="TcGRC4PundcUyDNKLByyvRX3zc0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQZ5NArvm1J0p4CJxS1IDJZqB/eVFAmcJ4RozpFTPdVLt50hqihmZVL1MkRThIeqTnqEcJUT5+fSCCTwxSgRjIc3jGk7V3x05SlSxpKlMkB6oea8Q//N6mY6v/ZzyNNOE49mgOGNQC1jEASMqCdZsbAjCkppdIR4gibA2oVVNCO78yYukfVZ3L+sX9+e1xk0ZRwUcgWNwClxwBRrgDjRBC2DwCJ7BK3iznqwX6936mJUuWWXPAfgD6/MH96SX4g==</latexit>'u

<latexit sha1_base64="ZznDpljhw1PsW8vQ5A5mWFwY2ZQ=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqM+FpW3bisYB/QDiWTpm1okhmSjFCH+iNuXCji1k9x59+YaWeh1QOBwzn3ck9OGHOmjed9OYWl5ZXVteJ6aWNza7vs7uw2dZQoQhsk4pFqh1hTziRtGGY4bceKYhFy2grH15nfuqdKs0jemUlMA4GHkg0YwcZKPbcsugKbkRKpGT1e1qc9t+JVvRnQX+LnpAI56j33s9uPSCKoNIRjrTu+F5sgxcowwum01E00jTEZ4yHtWCqxoDpIZ8Gn6NAqfTSIlH3SoJn6cyPFQuuJCO1kllIvepn4n9dJzOAiSJmME0MlmR8aJByZCGUtoD5TlBg+sQQTxWxWREZYYWJsVyVbgr/45b+keVz1z6qntyeV2lVeRxH24QCOwIdzqMEN1KEBBBJ4ghd4dR6cZ+fNeZ+PFpx8Zw9+wfn4BkU6k4A=</latexit>

mth AP

<latexit sha1_base64="7fWgOD5f0edhV/BaxOST9fP309E=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK6KjPia1l147KCfUA7lEyatqFJZkgyhTLUL3HjQhG3/ok7/8ZMOwttPRA4nHMv9+SEMWfaeN63s7S8srq2Xtgobm5t7+y6e/t1HSWK0BqJeKSaIdaUM0lrhhlOm7GiWIScNsLhXeY3RlRpFslHM45pIHBfsh4j2Fip47ripC2wGSiRmsHTTXXScUte2ZsCLRI/JyXIUe24X+1uRBJBpSEca93yvdgEKVaGEU4nxXaiaYzJEPdpy1KJBdVBOk0+QcdW6aJepOyTBk3V3xspFlqPRWgns5R63svE/7xWYnrXQcpknBgqyexQL+HIRCirAXWZosTwsSWYKGazIjLAChNjyyraEvz5Ly+S+lnZvyxfPJyXKrd5HQU4hCM4BR+uoAL3UIUaEBjBM7zCm5M6L8678zEbXXLynQP4A+fzB6gEk7E=</latexit>

m0th AP

<latexit sha1_base64="V3dDMSUUm5D8zJm+masgNU85k4s=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFWCeI0FFsYi0YfURpXjOq2pnUS2g1Si8iMsDCDEyqew8Tc4bQZoOZKlo3Pu1T0+fsyZ0o7zbRWWlldW14rrpY3Nre2yvbPbVFEiCW2QiEey7WNFOQtpQzPNaTuWFAuf05Y/us781gOVikXhnR7H1BN4ELKAEayN1LPL912B9VCKVA+fLuuTnl1xqs4UaJG4OalAjnrP/ur2I5IIGmrCsVId14m1l2KpGeF0UuomisaYjPCAdgwNsaDKS6fBJ+jQKH0URNK8UKOp+nsjxUKpsfDNZJZSzXuZ+J/XSXRw4aUsjBNNQzI7FCQc6QhlLaA+k5RoPjYEE8lMVkSGWGKiTVclU4I7/+VF0jyuumfV09uTSu0qr6MI+3AAR+DCOdTgBurQAAIJPMMrvFmP1ov1bn3MRgtWvrMHf2B9/gBAhJN9</latexit>

jth AP
<latexit sha1_base64="of+EpH0TnfeV8FtfT/eT/PYwwCQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQc4ngV1z6s4UcJG4JamBEs3A/vIigbOEcI0ZUqrnOqn2cyQ1xYxMql6mSIrwEPVJz1COEqL8fHrBBJ4YJYKxkOZxDafq744cJapY0lQmSA/UvFeI/3m9TMfXfk55mmnC8WxQnDGoBSzigBGVBGs2NgRhSc2uEA+QRFib0KomBHf+5EXSPqu7l/WL+/Na46aMowKOwDE4BS64Ag1wB5qgBTB4BM/gFbxZT9aL9W59zEqXrLLnAPyB9fkD7QGX2w==</latexit>'n

<latexit sha1_base64="TcGRC4PundcUyDNKLByyvRX3zc0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQZ5NArvm1J0p4CJxS1IDJZqB/eVFAmcJ4RozpFTPdVLt50hqihmZVL1MkRThIeqTnqEcJUT5+fSCCTwxSgRjIc3jGk7V3x05SlSxpKlMkB6oea8Q//N6mY6v/ZzyNNOE49mgOGNQC1jEASMqCdZsbAjCkppdIR4gibA2oVVNCO78yYukfVZ3L+sX9+e1xk0ZRwUcgWNwClxwBRrgDjRBC2DwCJ7BK3iznqwX6936mJUuWWXPAfgD6/MH96SX4g==</latexit>'u

<latexit sha1_base64="bXKg0y0MXe0uF5SragA2LStUqQw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQT6cBHbNqTtTwEXilqQGSjQD+8uLBM4SwjVmSKme66Taz5HUFDMyqXqZIinCQ9QnPUM5Sojy8+kFE3hilAjGQprHNZyqvztylKhiSVOZID1Q814h/uf1Mh1f+znlaaYJx7NBccagFrCIA0ZUEqzZ2BCEJTW7QjxAEmFtQquaENz5kxdJ+6zuXtYv7s9rjZsyjgo4AsfgFLjgCjTAHWiCFsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP6HKX2A==</latexit>'k

<latexit sha1_base64="of+EpH0TnfeV8FtfT/eT/PYwwCQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQc4ngV1z6s4UcJG4JamBEs3A/vIigbOEcI0ZUqrnOqn2cyQ1xYxMql6mSIrwEPVJz1COEqL8fHrBBJ4YJYKxkOZxDafq744cJapY0lQmSA/UvFeI/3m9TMfXfk55mmnC8WxQnDGoBSzigBGVBGs2NgRhSc2uEA+QRFib0KomBHf+5EXSPqu7l/WL+/Na46aMowKOwDE4BS64Ag1wB5qgBTB4BM/gFbxZT9aL9W59zEqXrLLnAPyB9fkD7QGX2w==</latexit>'n

Orthogonality within the shaded region
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Clustering: Motivation

<latexit sha1_base64="MR1+WY7CMcRWOsmO0PTUhY/BK1E=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2WxG5cVnLbQGUomTdvQJDMkGaEM/Q03LhRx68+482/MtLPQ1gOBwzn3ck9OlHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU1nGqCPVJzGPVjbCmnEnqG2Y47SaKYhFx2okmzdzvPFGlWSwfzTShocAjyYaMYGOlIBDYjJXImi1/1q/W3Lo7B1olXkFqUKDVr34Fg5ikgkpDONa657mJCTOsDCOczipBqmmCyQSPaM9SiQXVYTbPPENnVhmgYazskwbN1d8bGRZaT0VkJ/OMetnLxf+8XmqGt2HGZJIaKsni0DDlyMQoLwANmKLE8KklmChmsyIyxgoTY2uq2BK85S+vkvZF3buuXz1c1hp3RR1lOIFTOAcPbqAB99ACHwgk8Ayv8Oakzovz7nwsRktOsXMMf+B8/gAffJHB</latexit>

CPU

<latexit sha1_base64="qPANqHw4YwMC1E/elhpqyL9Ym5g=">AAACAXicbVDLSsNAFL3xWesr6kZwEyyCG0sivpalblxWsA9oQ5lMJ+3QmUmYmQgltBt/xY0LRdz6F+78GydtFtp6YOBwzr1z7z1BzKjSrvttLS2vrK6tFzaKm1vbO7v23n5DRYnEpI4jFslWgBRhVJC6ppqRViwJ4gEjzWB4m/nNRyIVjcSDHsXE56gvaEgx0kbq2ocdjvRA8rSK8PBsgBI2MV8N1bhrl9yyO4WzSLyclCBHrWt/dXoRTjgRGjOkVNtzY+2nSGqKGRkXO4kisRmC+qRtqECcKD+dXjB2TozSc8JImie0M1V/d6SIKzXiganM9lXzXib+57UTHd74KRVxoonAs0FhwhwdOVkcTo9KgjUbGYKwpGZXBw+QRFib0IomBG/+5EXSOC97V+XL+4tSpZrHUYAjOIZT8OAaKnAHNagDhgk8wyu8WU/Wi/VufcxKl6y85wD+wPr8ATral2k=</latexit>

Back � haul links
<latexit sha1_base64="bXKg0y0MXe0uF5SragA2LStUqQw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQT6cBHbNqTtTwEXilqQGSjQD+8uLBM4SwjVmSKme66Taz5HUFDMyqXqZIinCQ9QnPUM5Sojy8+kFE3hilAjGQprHNZyqvztylKhiSVOZID1Q814h/uf1Mh1f+znlaaYJx7NBccagFrCIA0ZUEqzZ2BCEJTW7QjxAEmFtQquaENz5kxdJ+6zuXtYv7s9rjZsyjgo4AsfgFLjgCjTAHWiCFsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP6HKX2A==</latexit>'k

<latexit sha1_base64="Fw8Hadlb1RnBPtVaReAoL+3Bz3g=">AAACHHicbVDLSsNAFJ34rPVVdekmWARXJfG9LLpxWcE+oA1lMpm2QyczYeZGKCH5Dzf+ihsXirhxIfg3TtoK2npg4HDuY849fsSZBsf5shYWl5ZXVgtrxfWNza3t0s5uQ8tYEVonkkvV8rGmnAlaBwactiJFcehz2vSH13m9eU+VZlLcwSiiXoj7gvUYwWCkbumkE2IYqDCpMS4h06PQlzzDWrO+oEEGMs2GPy0wyGJNVdotlZ2KM4Y9T9wpKaMpat3SRyeQJA6pAMLN7rbrROAlWAEjnKbFjlkbYTLEfdo2VOCQai8ZH5fah0YJ7J5U5gmwx+rviQSHOrdtOnOferaWi//V2jH0Lr2EiSgGKsjko17MbZB2npQdMEUJ8JEhmChmvNpkgBUmYPIsmhDc2ZPnSeO44p5Xzm5Py9WraRwFtI8O0BFy0QWqohtUQ3VE0AN6Qi/o1Xq0nq03633SumBNZ/bQH1if32+spLg=</latexit>

Pilot symbol assigned to kth user

<latexit sha1_base64="bXKg0y0MXe0uF5SragA2LStUqQw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQT6cBHbNqTtTwEXilqQGSjQD+8uLBM4SwjVmSKme66Taz5HUFDMyqXqZIinCQ9QnPUM5Sojy8+kFE3hilAjGQprHNZyqvztylKhiSVOZID1Q814h/uf1Mh1f+znlaaYJx7NBccagFrCIA0ZUEqzZ2BCEJTW7QjxAEmFtQquaENz5kxdJ+6zuXtYv7s9rjZsyjgo4AsfgFLjgCjTAHWiCFsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP6HKX2A==</latexit>'k
<latexit sha1_base64="TcGRC4PundcUyDNKLByyvRX3zc0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQZ5NArvm1J0p4CJxS1IDJZqB/eVFAmcJ4RozpFTPdVLt50hqihmZVL1MkRThIeqTnqEcJUT5+fSCCTwxSgRjIc3jGk7V3x05SlSxpKlMkB6oea8Q//N6mY6v/ZzyNNOE49mgOGNQC1jEASMqCdZsbAjCkppdIR4gibA2oVVNCO78yYukfVZ3L+sX9+e1xk0ZRwUcgWNwClxwBRrgDjRBC2DwCJ7BK3iznqwX6936mJUuWWXPAfgD6/MH96SX4g==</latexit>'u

<latexit sha1_base64="ZznDpljhw1PsW8vQ5A5mWFwY2ZQ=">AAAB+HicbVDLSgMxFL1TX7U+OurSTbAIrsqM+FpW3bisYB/QDiWTpm1okhmSjFCH+iNuXCji1k9x59+YaWeh1QOBwzn3ck9OGHOmjed9OYWl5ZXVteJ6aWNza7vs7uw2dZQoQhsk4pFqh1hTziRtGGY4bceKYhFy2grH15nfuqdKs0jemUlMA4GHkg0YwcZKPbcsugKbkRKpGT1e1qc9t+JVvRnQX+LnpAI56j33s9uPSCKoNIRjrTu+F5sgxcowwum01E00jTEZ4yHtWCqxoDpIZ8Gn6NAqfTSIlH3SoJn6cyPFQuuJCO1kllIvepn4n9dJzOAiSJmME0MlmR8aJByZCGUtoD5TlBg+sQQTxWxWREZYYWJsVyVbgr/45b+keVz1z6qntyeV2lVeRxH24QCOwIdzqMEN1KEBBBJ4ghd4dR6cZ+fNeZ+PFpx8Zw9+wfn4BkU6k4A=</latexit>

mth AP

<latexit sha1_base64="7fWgOD5f0edhV/BaxOST9fP309E=">AAAB+XicbVDLSgMxFL3js9bXqEs3wSK6KjPia1l147KCfUA7lEyatqFJZkgyhTLUL3HjQhG3/ok7/8ZMOwttPRA4nHMv9+SEMWfaeN63s7S8srq2Xtgobm5t7+y6e/t1HSWK0BqJeKSaIdaUM0lrhhlOm7GiWIScNsLhXeY3RlRpFslHM45pIHBfsh4j2Fip47ripC2wGSiRmsHTTXXScUte2ZsCLRI/JyXIUe24X+1uRBJBpSEca93yvdgEKVaGEU4nxXaiaYzJEPdpy1KJBdVBOk0+QcdW6aJepOyTBk3V3xspFlqPRWgns5R63svE/7xWYnrXQcpknBgqyexQL+HIRCirAXWZosTwsSWYKGazIjLAChNjyyraEvz5Ly+S+lnZvyxfPJyXKrd5HQU4hCM4BR+uoAL3UIUaEBjBM7zCm5M6L8678zEbXXLynQP4A+fzB6gEk7E=</latexit>

m0th AP

<latexit sha1_base64="V3dDMSUUm5D8zJm+masgNU85k4s=">AAAB+HicbVC7TsMwFL0pr1IeDTCyWFRITFWCeI0FFsYi0YfURpXjOq2pnUS2g1Si8iMsDCDEyqew8Tc4bQZoOZKlo3Pu1T0+fsyZ0o7zbRWWlldW14rrpY3Nre2yvbPbVFEiCW2QiEey7WNFOQtpQzPNaTuWFAuf05Y/us781gOVikXhnR7H1BN4ELKAEayN1LPL912B9VCKVA+fLuuTnl1xqs4UaJG4OalAjnrP/ur2I5IIGmrCsVId14m1l2KpGeF0UuomisaYjPCAdgwNsaDKS6fBJ+jQKH0URNK8UKOp+nsjxUKpsfDNZJZSzXuZ+J/XSXRw4aUsjBNNQzI7FCQc6QhlLaA+k5RoPjYEE8lMVkSGWGKiTVclU4I7/+VF0jyuumfV09uTSu0qr6MI+3AAR+DCOdTgBurQAAIJPMMrvFmP1ov1bn3MRgtWvrMHf2B9/gBAhJN9</latexit>

jth AP
<latexit sha1_base64="of+EpH0TnfeV8FtfT/eT/PYwwCQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQc4ngV1z6s4UcJG4JamBEs3A/vIigbOEcI0ZUqrnOqn2cyQ1xYxMql6mSIrwEPVJz1COEqL8fHrBBJ4YJYKxkOZxDafq744cJapY0lQmSA/UvFeI/3m9TMfXfk55mmnC8WxQnDGoBSzigBGVBGs2NgRhSc2uEA+QRFib0KomBHf+5EXSPqu7l/WL+/Na46aMowKOwDE4BS64Ag1wB5qgBTB4BM/gFbxZT9aL9W59zEqXrLLnAPyB9fkD7QGX2w==</latexit>'n

<latexit sha1_base64="TcGRC4PundcUyDNKLByyvRX3zc0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQZ5NArvm1J0p4CJxS1IDJZqB/eVFAmcJ4RozpFTPdVLt50hqihmZVL1MkRThIeqTnqEcJUT5+fSCCTwxSgRjIc3jGk7V3x05SlSxpKlMkB6oea8Q//N6mY6v/ZzyNNOE49mgOGNQC1jEASMqCdZsbAjCkppdIR4gibA2oVVNCO78yYukfVZ3L+sX9+e1xk0ZRwUcgWNwClxwBRrgDjRBC2DwCJ7BK3iznqwX6936mJUuWWXPAfgD6/MH96SX4g==</latexit>'u

<latexit sha1_base64="bXKg0y0MXe0uF5SragA2LStUqQw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQT6cBHbNqTtTwEXilqQGSjQD+8uLBM4SwjVmSKme66Taz5HUFDMyqXqZIinCQ9QnPUM5Sojy8+kFE3hilAjGQprHNZyqvztylKhiSVOZID1Q814h/uf1Mh1f+znlaaYJx7NBccagFrCIA0ZUEqzZ2BCEJTW7QjxAEmFtQquaENz5kxdJ+6zuXtYv7s9rjZsyjgo4AsfgFLjgCjTAHWiCFsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP6HKX2A==</latexit>'k

<latexit sha1_base64="of+EpH0TnfeV8FtfT/eT/PYwwCQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQc4ngV1z6s4UcJG4JamBEs3A/vIigbOEcI0ZUqrnOqn2cyQ1xYxMql6mSIrwEPVJz1COEqL8fHrBBJ4YJYKxkOZxDafq744cJapY0lQmSA/UvFeI/3m9TMfXfk55mmnC8WxQnDGoBSzigBGVBGs2NgRhSc2uEA+QRFib0KomBHf+5EXSPqu7l/WL+/Na46aMowKOwDE4BS64Ag1wB5qgBTB4BM/gFbxZT9aL9W59zEqXrLLnAPyB9fkD7QGX2w==</latexit>'n

Orthogonality within the shaded region

Key Observation
Only a subset of APs within the vicinity of a UE receives a
signal with sufficient strength for decodability
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Clustering: Mathematics

• Define the shaded region:

ro , max
{

max
k∈U

dmkk , dSNRo

}

1 dmk k = min {dmk ,∀m ∈ A}: Max of all nearest APs’
distances
2 dSNRo = maxd

{
NEpβ(d)

N0
≥ γmin

}
: Sufficient strength

• Case 1: 1 > 2 : There is no UE that is not connected to
any AP

• Case 2: 1 < 2 : Every UE is connected to all APs where
the received signal strength is at least γmin
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Formed Clusters

ª Set of AP indices (∀k ∈ U)

Uk , {m s.t. ‖uk − am‖ ≤ ro, ∀m ∈ A}

ª Set of UE indices (∀m ∈ A)

Am , {k s.t. ‖uk − am‖ ≤ ro,∀k ∈ U}
AP-UE connections
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Formed Clusters

ª Set of AP indices (∀k ∈ U)

Uk , {m s.t. ‖uk − am‖ ≤ ro, ∀m ∈ A}

ª Set of UE indices (∀m ∈ A)

Am , {k s.t. ‖uk − am‖ ≤ ro,∀k ∈ U}
AP-UE connections

Problem

min τp

subject to 〈ϕl(k),ϕl(k′)〉 = 0,
∀k, k ′ ∈ Am,∀m ∈ Uk
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Formed Clusters

ª Set of AP indices (∀k ∈ U)

Uk , {m s.t. ‖uk − am‖ ≤ ro, ∀m ∈ A}

ª Set of UE indices (∀m ∈ A)

Am , {k s.t. ‖uk − am‖ ≤ ro,∀k ∈ U}
AP-UE connections

Problem

min τp

subject to 〈ϕl(k),ϕl(k′)〉 = 0,
∀k, k ′ ∈ Am,∀m ∈ Uk

Any two UEs that are
connected to a common
AP are assigned
orthogonal pilot
sequences

10



Two Views

Bipartite Graph Coloring

<latexit sha1_base64="J3Zn6LPhorrZQUDu7FXxnKUFcaA=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuzsbDJmdmeZ6Q2EkH/w4kERr/6PN//GSbIHTSxoKKq66e4KUikMuu63s7K6tr6xWdgqbu/s7u2XDg4bRmWa8TpTUulWQA2XIuF1FCh5K9WcxoHkzWBwN/WbQ66NUMkjjlLux7SXiEgwilZqdIahQtMtld2KOwNZJl5OypCj1i19dULFspgnyCQ1pu25KfpjqlEwySfFTmZ4StmA9njb0oTG3Pjj2bUTcmqVkERK20qQzNTfE2MaGzOKA9sZU+ybRW8q/ue1M4xu/LFI0gx5wuaLokwSVGT6OgmF5gzlyBLKtLC3EtanmjK0ARVtCN7iy8ukcV7xriqXDxfl6m0eRwGO4QTOwINrqMI91KAODJ7gGV7hzVHOi/PufMxbV5x85gj+wPn8Ac6vj0w=</latexit>...

<latexit sha1_base64="yIa+nKZ+6pwxyW2r4NQ3JAugCrQ=">AAAB/XicbVDJSgNBEO1xjXEbl5uXxiB4McyI2zHqxWMEs0AyhJ5OT9Kkp3vorhHjEPwVLx4U8ep/ePNv7CwHTXxQ8Hiviqp6YSK4Ac/7dubmFxaXlnMr+dW19Y1Nd2u7alSqKatQJZSuh8QwwSWrAAfB6olmJA4Fq4W966Ffu2facCXvoJ+wICYdySNOCVip5e42gT1AdlnGR0KNRTNouQWv6I2AZ4k/IQU0QbnlfjXbiqYxk0AFMabhewkEGdHAqWCDfDM1LCG0RzqsYakkMTNBNrp+gA+s0saR0rYk4JH6eyIjsTH9OLSdMYGumfaG4n9eI4XoIsi4TFJgko4XRanAoPAwCtzmmlEQfUsI1dzeimmXaELBBpa3IfjTL8+S6nHRPyue3p4USleTOHJoD+2jQ+Sjc1RCN6iMKoiiR/SMXtGb8+S8OO/Ox7h1zpnM7KA/cD5/AHZBlUA=</latexit>

AP -locations
<latexit sha1_base64="H8ipdWkiZtNRsp5fw9Jlbvqz1Ro=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwY0nE17IogssKpi20oUymk3boJBNmbsQair/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7T5AIrsFxvq25+YXFpeXCSnF1bX1j097armmZKso8KoVUjYBoJnjMPOAgWCNRjESBYPWgfzXy6/dMaS7jOxgkzI9IN+YhpwSM1LZ3W8AeIPOu8ZGQE1EP23bJKTtj4Fni5qSEclTb9lerI2kasRioIFo3XScBPyMKOBVsWGylmiWE9kmXNQ2NScS0n42vH+IDo3RwKJWpGPBY/T2RkUjrQRSYzohAT097I/E/r5lCeOFnPE5SYDGdLApTgUHiURS4wxWjIAaGEKq4uRXTHlGEggmsaEJwp1+eJbXjsntWPr09KVUu8zgKaA/to0PkonNUQTeoijxE0SN6Rq/ozXqyXqx362PSOmflMzvoD6zPH4RllUk=</latexit>

UE -locations

<latexit sha1_base64="37yxUnTId26bL2yA7TUD4jqrqqY=">AAAB6XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjFLJAMoafTkzTpZejuEcKQP/DiQRGv/pE3/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHy044SGAg8kixnB1kkPAvXKFb/qz4CWSZCTCuSo98pf3b4iqaDSEo6N6QR+YsMMa8sIp5NSNzU0wWSEB7TjqMSCmjCbXTpBJ07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwdZkwmqaWSzBfFKUdWoenbqM80JZaPHcFEM3crIkOsMbEunJILIVh8eZk0z6rBZfXi/rxSu8njKMIRHMMpBHAFNbiDOjSAQAzP8Apv3sh78d69j3lrwctnDuEPvM8fLq2NJQ==</latexit>m

<latexit sha1_base64="drdKjBY0I6YSHBeB1eSgtP+Pyhs=">AAAB6XicbVDJSgNBEK1xjXGLevTSGERPYUbcjkEvHqOYBZIh9HR6kia9DN09QhjyB148KOLVP/Lm39hJ5qCJDwoe71VRVS9KODPW97+9peWV1bX1wkZxc2t7Z7e0t98wKtWE1oniSrcibChnktYts5y2Ek2xiDhtRsPbid98otowJR/tKKGhwH3JYkawddKDOOmWyn7FnwItkiAnZchR65a+Oj1FUkGlJRwb0w78xIYZ1pYRTsfFTmpogskQ92nbUYkFNWE2vXSMjp3SQ7HSrqRFU/X3RIaFMSMRuU6B7cDMexPxP6+d2vg6zJhMUkslmS2KU46sQpO3UY9pSiwfOYKJZu5WRAZYY2JdOEUXQjD/8iJpnFWCy8rF/Xm5epPHUYBDOIJTCOAKqnAHNagDgRie4RXevKH34r17H7PWJS+fOYA/8D5/ADlJjSw=</latexit>

m0

<latexit sha1_base64="bXKg0y0MXe0uF5SragA2LStUqQw=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQT6cBHbNqTtTwEXilqQGSjQD+8uLBM4SwjVmSKme66Taz5HUFDMyqXqZIinCQ9QnPUM5Sojy8+kFE3hilAjGQprHNZyqvztylKhiSVOZID1Q814h/uf1Mh1f+znlaaYJx7NBccagFrCIA0ZUEqzZ2BCEJTW7QjxAEmFtQquaENz5kxdJ+6zuXtYv7s9rjZsyjgo4AsfgFLjgCjTAHWiCFsDgETyDV/BmPVkv1rv1MStdssqeA/AH1ucP6HKX2A==</latexit>'k

<latexit sha1_base64="of+EpH0TnfeV8FtfT/eT/PYwwCQ=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQc4ngV1z6s4UcJG4JamBEs3A/vIigbOEcI0ZUqrnOqn2cyQ1xYxMql6mSIrwEPVJz1COEqL8fHrBBJ4YJYKxkOZxDafq744cJapY0lQmSA/UvFeI/3m9TMfXfk55mmnC8WxQnDGoBSzigBGVBGs2NgRhSc2uEA+QRFib0KomBHf+5EXSPqu7l/WL+/Na46aMowKOwDE4BS64Ag1wB5qgBTB4BM/gFbxZT9aL9W59zEqXrLLnAPyB9fkD7QGX2w==</latexit>'n

<latexit sha1_base64="TcGRC4PundcUyDNKLByyvRX3zc0=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5KIr2XRjcsK9gFNCJPJpB06mQkzk0IJdeOvuHGhiFv/wp1/46TNQlsPDHM4517uvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe228rkUlMWlgwIbshUoRRTlqaaka6qSQoCRnphMPbwu+MiFRU8Ac9TomfoD6nMcVIGymwD71QsEiNE/Pl3gjJdEAnQZ5NArvm1J0p4CJxS1IDJZqB/eVFAmcJ4RozpFTPdVLt50hqihmZVL1MkRThIeqTnqEcJUT5+fSCCTwxSgRjIc3jGk7V3x05SlSxpKlMkB6oea8Q//N6mY6v/ZzyNNOE49mgOGNQC1jEASMqCdZsbAjCkppdIR4gibA2oVVNCO78yYukfVZ3L+sX9+e1xk0ZRwUcgWNwClxwBRrgDjRBC2DwCJ7BK3iznqwX6936mJUuWWXPAfgD6/MH96SX4g==</latexit>'u

Edges from each UE: same color
Edges into each AP: distinct
color

Vertex Coloring
<latexit sha1_base64="J1ISOG2g99xJ0iKtY32uFRrceu4=">AAACI3icbVDJSgNBEO1xjXGLevTSGARPYSaHKJ5cCHiMYBbIhNDTUxMbexm6e5QQ8i9e/BUvHpTgxYP/Ymc5aGJBwePVK6rei1LOjPX9L29peWV1bT23kd/c2t7ZLeztN4zKNIU6VVzpVkQMcCahbpnl0Eo1EBFxaEYP1+N58xG0YUre2X4KHUF6kiWMEuuobuE8lIrJGKTF1bgH55gl2D4pXK8aTDRgqqQEaiHGYZi3ChPHCKEkvqx1C0W/5E8KL4JgBopoVk4/CmNFM+GOUU6MaQd+ajsDoi2jHIb5MDOQEvpAetB2UBIBpjOYeBziY8fEOFHatXt2wv7eGBBhTF9ETimIvTfzszH536yd2eSsM2AyzSxIOj2UZBw7s+PAcMy0C4D3HSBUM/crpvdEExeKNnkXQjBveRE0yqWgUqrclosXV7M4cugQHaETFKBTdIFuUA3VEUXP6BW9ow/vxXvzRt7nVLrkzXYO0J/yvn8Aarui4w==</latexit>

Edge: if two UEs are connected
to a common AP

<latexit sha1_base64="tkJjrpS4GBssBwpeZ2rkXD+wEcY=">AAACCHicbVC7TsMwFHV4lvIqMDJg0SIxVUmHwliBkBiLRB9SG1WOc9NadZxgO5WqqCMLv8LCAEKsfAIbf4PTdoCWI1k6Oufe63uPF3OmtG1/Wyura+sbm7mt/PbO7t5+4eCwqaJEUmjQiEey7REFnAloaKY5tGMJJPQ4tLzhdea3RiAVi8S9HsfghqQvWMAo0UbqFU66ImLCB6FxE6RmFBQudeEhYaMSbtyoXqFol+0p8DJx5qSI5qj3Cl9dP6JJaCZSTpTqOHas3ZRkszlM8t1EQUzokPShY6ggISg3nR4ywWdG8XEQSfPMRlP1d0dKQqXGoWcqQ6IHatHLxP+8TqKDSzdlIk40CDr7KEg41hHOUsE+k0A1HxtCqGRmV0wHRBKqTXZ5E4KzePIyaVbKTrVcvasUa1fzOHLoGJ2ic+SgC1RDt6iOGoiiR/SMXtGb9WS9WO/Wx6x0xZr3HKE/sD5/ALpTmSU=</latexit>

Vertices ⌘ UEs

Any two vertices (UEs)
connected by an edge (AP) must
have distinct colors

Solve using minimum number of colors (orthogonal pilots)
11



How to color/assign pilots?

• Recall: Color is equivalent to orthogonal pilots
• Two questions:

• Which vertex (UE) do we choose at a given iteration?
• What color (pilot) do we assign to the selected vertex?
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How to color/assign pilots?

• Recall: Color is equivalent to orthogonal pilots
• Two questions:

• Which vertex (UE) do we choose at a given iteration?
• What color (pilot) do we assign to the selected vertex?

ª Enumerate for each vertex:
• # distinct colored vertices

connected to it
• # of vertices connected to it

ª Tabulate color (pilot) set:

Color Repetition factor
, , 1

2

UE6

UE7

UE4

UE8

UE5

UE1

UE2

UE3

At some point in time 12



Algorithm

Input : Ū = {1, 2, . . . ,K}, C = ∅ (colors)
[1]: while Ū 6= ∅ do
[2]: Select k ∈ Ū : the maximum number of distinct colored

vertices connected to it.
[3]: Tie-break: Choose k ∈ Ū with the maximum number of

vertices connected to it.
[4]: Tie-break: Choose any k ∈ Ū at random
[5]: Assign color:

c(k) = min c(p) ∈ C
subject to c(k ′) 6= c(p),∀k ′ ∈ {l s.t. ekl ∈ E} .

[6]: if c(k) = ∅ then
[7]: Assign a new color c(k) to vertex k
[8]: Update Color Set: C ← C ∪ c(k)
[9]: end

[10]:

[11]: end
13



Illustration

Graph formed by connecting UEs
(vertices) that share common AP(s)

Colored AP-UE connections:
Distinct colors correspond to distinct
orthonormal pilot sequences
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Comparative Study



Performance of the Algorithm

Pilot allocation using
the proposed algorithm

Comparison with existing schemes
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Pilot Length

o

o

o

Algorithm: τp << K

Scaling of pilot length with number of UEs (K)

16



Key Message

• Minimizes the pilot length at the same time ensures no
contamination among the clustered APs

• Low complexity solution for pilot allocation: does not require
SINR exchange

• Algorithm is known to be optimal for all bipartite graph

Reference

A. Chowdhury and C. R. Murthy, “Pilot Length Minimization
via AP-UE Clustering in Cell-Free Systems,” ICASSP 2024,
Seoul, Republic of Korea, Apr. 2024, pp. 9216-9220.
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Virtual FD: DTDD & CF

Question

Can we achieve FD per-
formance with HD hard-
ware, thus avoiding self-
interference?

Answer

YES!: Cell-Free MIMO
with HD APs & Dynamic
TDD

<latexit sha1_base64="PijRAOaO5aDEy+6HHwCRCER2Yr8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2OhHjxWNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkkyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc1Wd+64lrIxL1iOOUBzEdKBEJRtFKD/WG3yuV3Yo7B1klXk7KkKPRK311+wnLYq6QSWpMx3NTDCZUo2CST4vdzPCUshEd8I6lisbcBJP5qVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tkGN0EE6HSDLlii0VRJgkmZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdoQvOWXV0mzWvGuKpf31XLtNo+jAKdwBhfgwTXU4A4a4AODATzDK7w50nlx3p2PReuak8+cwB84nz/d4o2K</latexit>

CPU

<latexit sha1_base64="iFw9epa7yXMjygACD0j/t+n3+vc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGfByjXswtgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSQ150xiUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSrlW9y+rFQ61Sv83jKMIJnMI5eHAFdbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPikWN6w==</latexit>

InAI

<latexit sha1_base64="I1xTEfWQii81KER6vEAGzC0fIzc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KknBj2PRi71VMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6O2zpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxyqSn95qBSdWvuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5J2veZd1S4f6tXGbRFHCU7hDC7Ag2towD20wAcCY3iGV3hzhPPivDsfi9Y1p5g5gT9wPn8AqKmN/w==</latexit>

InUI

<latexit sha1_base64="d01H0bglSg8n/w6MGLfucoJNr1g=">AAAB+HicbVC7TgJBFJ3FF+ID1NJmIjGxIrskPkrUxsICowsksCGzs3dhwuwj8zDBDV9iY6Extn6KnX/jAFsoeJJJTs45N/fO8VPOpLLtb6uwsrq2vlHcLG1t7+yWK3v7LZloQcGlCU9ExycSOIvBVUxx6KQCSORzaPuj66nffgQhWRI/qHEKXkQGMQsZJcpI/UrZvcX3dAiB5hDgy2a/UrVr9gx4mTg5qaIcJv/VCxKqI4gV5UTKrmOnysuIUIxymJR6WkJK6IgMoGtoTCKQXjY7fIKPjRLgMBHmxQrP1N8TGYmkHEe+SUZEDeWiNxX/87pahRdexuJUK4jpfFGoOVYJnraAAyaAKj42hFDBzK2YDokgVJmuSqYEZ/HLy6RVrzlntdO7erVxlddRRIfoCJ0gB52jBrpBTeQiijR6Rq/ozXqyXqx362MeLVj5zAH6A+vzB2wWkkw=</latexit>

UL Scheduled AP
<latexit sha1_base64="++10zIyFR+L0Y39HLOge3bDeQ0k=">AAAB+HicbVDJSgNBFOxxjXFJ1KOXxiB4CjMBl2NcDh48RDQLJEPo6XlJmvT0DL0IcciXePGgiFc/xZt/YyeZgyYWNBRV9XivK0g4U9p1v52l5ZXVtfXcRn5za3unUNzda6jYSAp1GvNYtgKigDMBdc00h1YigUQBh2YwvJr4zUeQisXiQY8S8CPSF6zHKNFW6hYL17f4ng4gNBxCfFHrFktu2Z0CLxIvIyWUwea/OmFMTQRCU06Uantuov2USM0oh3G+YxQkhA5JH9qWChKB8tPp4WN8ZJUQ92Jpn9B4qv6eSEmk1CgKbDIieqDmvYn4n9c2unfup0wkRoOgs0U9w7GO8aQFHDIJVPORJYRKZm/FdEAkodp2lbclePNfXiSNStk7LZ/cVUrVy6yOHDpAh+gYeegMVdENqqE6osigZ/SK3pwn58V5dz5m0SUnm9lHf+B8/gBRZJI7</latexit>

DL Scheduled AP

<latexit sha1_base64="vQ7vpqqu3iw7eMs+fErYxRvGMdM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2NRBA8eKpi20Iay2U7apZtN2N0IpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEquDau++2srK6tb2wWtorbO7t7+6WDw4ZOMsXQZ4lIVCukGgWX6BtuBLZShTQOBTbD4c3Ubz6h0jyRj2aUYhDTvuQRZ9RYyffviX/bLZXdijsDWSZeTsqQo94tfXV6CctilIYJqnXbc1MTjKkynAmcFDuZxpSyIe1j21JJY9TBeHbshJxapUeiRNmShszU3xNjGms9ikPbGVMz0IveVPzPa2cmugrGXKaZQcnmi6JMEJOQ6eekxxUyI0aWUKa4vZWwAVWUGZtP0YbgLb68TBrVindROX+olmvXeRwFOIYTOAMPLqEGd1AHHxhweIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwDXbI4P</latexit>

UL UE
<latexit sha1_base64="9R5bj9SnY7JaFEU+MPtPRHwtOyw=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfByDD/DgIYKbBJIlzE5mkyEzs8vMrBCWfIMXD4p49YO8+TdOkj1oYkFDUdVNd1eYcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoI9UnMY9UOsaacSeobZjhtJ4piEXLaCkfXU7/1RJVmsXw044QGAg8kixjBxkr+zT3yb3vlilt1Z0DLxMtJBXI0euWvbj8mqaDSEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcSC6iCbHTtBJ1bpoyhWtqRBM/X3RIaF1mMR2k6BzVAvelPxP6+TmugyyJhMUkMlmS+KUo5MjKafoz5TlBg+tgQTxeytiAyxwsTYfEo2BG/x5WXSrFW98+rZQ61Sv8rjKMIRHMMpeHABdbiDBvhAgMEzvMKbI50X5935mLcWnHzmEP7A+fwBvWSN/g==</latexit>

DL UE
<latexit sha1_base64="5su8Bhqpns9PCCWt2syrPFcbmeg=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4CRsugFhYWEc2HJEfY2+wlS3b3jt09IRz5FTYWitj6c+z8N26SKzTxwcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtHV1G89UaVZJB/MOKa+wAPJQkawsdLj9S26ZwOJea9YcsvuDGiZeBkpQYZ6r/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aezgyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE174KZNxYqgk80VhwpGJ0PR71GeKEsPHlmCimL0VkSFWmBibUcGG4C2+vEyalbJXLZ/dVUq1yyyOPBzBMZyCB+dQgxuoQwMICHiGV3hzlPPivDsf89ack80cwh84nz8GjI/q</latexit>

DL Signal
<latexit sha1_base64="ELTy4xFWLStUgTzdHJny1xN3SPg=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4CfpRBGwuLiF4SSY6wt9lLluzuHbt7QjjyK2wsFLH159j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4eh66reeqNIslg9mnNBA4IFkESPYWOnRv0X3bCAx75UrbtWdAS0TLycVyNHolb+6/ZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0VoOwU2Q73oTcX/vE5qossgYzJJDZVkvihKOTIxmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtkQvMWXl0mzVvXOq2d3tUr9Ko+jCEdwDKfgwQXU4QYa4AMBAc/wCm+Ocl6cd+dj3lpw8plD+APn8wcg2I/7</latexit>

UL Signal

Virtual FD
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Virtual FD: DTDD & CF

Question

Can we achieve FD per-
formance with HD hard-
ware, thus avoiding self-
interference?

Answer

YES!: Cell-Free MIMO
with HD APs & Dynamic
TDD

tx rx

tx rx

tx rx

tx rx

Promise of DTDD HD CF

<latexit sha1_base64="PijRAOaO5aDEy+6HHwCRCER2Yr8=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2OhHjxWNG2hDWWz3bRLN5uwOxFK6U/w4kERr/4ib/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkkyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc1Wd+64lrIxL1iOOUBzEdKBEJRtFKD/WG3yuV3Yo7B1klXk7KkKPRK311+wnLYq6QSWpMx3NTDCZUo2CST4vdzPCUshEd8I6lisbcBJP5qVNybpU+iRJtSyGZq78nJjQ2ZhyHtjOmODTL3kz8z+tkGN0EE6HSDLlii0VRJgkmZPY36QvNGcqxJZRpYW8lbEg1ZWjTKdoQvOWXV0mzWvGuKpf31XLtNo+jAKdwBhfgwTXU4A4a4AODATzDK7w50nlx3p2PReuak8+cwB84nz/d4o2K</latexit>

CPU

<latexit sha1_base64="iFw9epa7yXMjygACD0j/t+n3+vc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKewGfByjXswtgnlAsoTZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/xtlkD5pY0FBUddPdFcScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJneZ33miSrNIPpppTH2BR5KFjGCTSQ150xiUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeG1nzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSrlW9y+rFQ61Sv83jKMIJnMI5eHAFdbiHJrSAwBie4RXeHOG8OO/Ox6K14OQzx/AHzucPikWN6w==</latexit>

InAI

<latexit sha1_base64="I1xTEfWQii81KER6vEAGzC0fIzc=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KknBj2PRi71VMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut7O2vrG5tV3aKe/u7R8cVo6O2zpOFaE+iXmsuiHWlDNJfcMMp91EUSxCTjvh5C73O09UaRbLRzNNaCDwSLKIEWxyqSn95qBSdWvuHGiVeAWpQoHWoPLVH8YkFVQawrHWPc9NTJBhZRjhdFbup5ommEzwiPYslVhQHWTzW2fo3CpDFMXKljRorv6eyLDQeipC2ymwGetlLxf/83qpiW6CjMkkNVSSxaIo5cjEKH8cDZmixPCpJZgoZm9FZIwVJsbGU7YheMsvr5J2veZd1S4f6tXGbRFHCU7hDC7Ag2towD20wAcCY3iGV3hzhPPivDsfi9Y1p5g5gT9wPn8AqKmN/w==</latexit>

InUI

<latexit sha1_base64="d01H0bglSg8n/w6MGLfucoJNr1g=">AAAB+HicbVC7TgJBFJ3FF+ID1NJmIjGxIrskPkrUxsICowsksCGzs3dhwuwj8zDBDV9iY6Extn6KnX/jAFsoeJJJTs45N/fO8VPOpLLtb6uwsrq2vlHcLG1t7+yWK3v7LZloQcGlCU9ExycSOIvBVUxx6KQCSORzaPuj66nffgQhWRI/qHEKXkQGMQsZJcpI/UrZvcX3dAiB5hDgy2a/UrVr9gx4mTg5qaIcJv/VCxKqI4gV5UTKrmOnysuIUIxymJR6WkJK6IgMoGtoTCKQXjY7fIKPjRLgMBHmxQrP1N8TGYmkHEe+SUZEDeWiNxX/87pahRdexuJUK4jpfFGoOVYJnraAAyaAKj42hFDBzK2YDokgVJmuSqYEZ/HLy6RVrzlntdO7erVxlddRRIfoCJ0gB52jBrpBTeQiijR6Rq/ozXqyXqx362MeLVj5zAH6A+vzB2wWkkw=</latexit>

UL Scheduled AP
<latexit sha1_base64="++10zIyFR+L0Y39HLOge3bDeQ0k=">AAAB+HicbVDJSgNBFOxxjXFJ1KOXxiB4CjMBl2NcDh48RDQLJEPo6XlJmvT0DL0IcciXePGgiFc/xZt/YyeZgyYWNBRV9XivK0g4U9p1v52l5ZXVtfXcRn5za3unUNzda6jYSAp1GvNYtgKigDMBdc00h1YigUQBh2YwvJr4zUeQisXiQY8S8CPSF6zHKNFW6hYL17f4ng4gNBxCfFHrFktu2Z0CLxIvIyWUwea/OmFMTQRCU06Uantuov2USM0oh3G+YxQkhA5JH9qWChKB8tPp4WN8ZJUQ92Jpn9B4qv6eSEmk1CgKbDIieqDmvYn4n9c2unfup0wkRoOgs0U9w7GO8aQFHDIJVPORJYRKZm/FdEAkodp2lbclePNfXiSNStk7LZ/cVUrVy6yOHDpAh+gYeegMVdENqqE6osigZ/SK3pwn58V5dz5m0SUnm9lHf+B8/gBRZJI7</latexit>

DL Scheduled AP

<latexit sha1_base64="vQ7vpqqu3iw7eMs+fErYxRvGMdM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KknBj2NRBA8eKpi20Iay2U7apZtN2N0IpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEquDau++2srK6tb2wWtorbO7t7+6WDw4ZOMsXQZ4lIVCukGgWX6BtuBLZShTQOBTbD4c3Ubz6h0jyRj2aUYhDTvuQRZ9RYyffviX/bLZXdijsDWSZeTsqQo94tfXV6CctilIYJqnXbc1MTjKkynAmcFDuZxpSyIe1j21JJY9TBeHbshJxapUeiRNmShszU3xNjGms9ikPbGVMz0IveVPzPa2cmugrGXKaZQcnmi6JMEJOQ6eekxxUyI0aWUKa4vZWwAVWUGZtP0YbgLb68TBrVindROX+olmvXeRwFOIYTOAMPLqEGd1AHHxhweIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwDXbI4P</latexit>

UL UE
<latexit sha1_base64="9R5bj9SnY7JaFEU+MPtPRHwtOyw=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKewGfByDD/DgIYKbBJIlzE5mkyEzs8vMrBCWfIMXD4p49YO8+TdOkj1oYkFDUdVNd1eYcKaN6347hZXVtfWN4mZpa3tnd6+8f9DUcaoI9UnMY9UOsaacSeobZjhtJ4piEXLaCkfXU7/1RJVmsXw044QGAg8kixjBxkr+zT3yb3vlilt1Z0DLxMtJBXI0euWvbj8mqaDSEI617nhuYoIMK8MIp5NSN9U0wWSEB7RjqcSC6iCbHTtBJ1bpoyhWtqRBM/X3RIaF1mMR2k6BzVAvelPxP6+TmugyyJhMUkMlmS+KUo5MjKafoz5TlBg+tgQTxeytiAyxwsTYfEo2BG/x5WXSrFW98+rZQ61Sv8rjKMIRHMMpeHABdbiDBvhAgMEzvMKbI50X5935mLcWnHzmEP7A+fwBvWSN/g==</latexit>

DL UE
<latexit sha1_base64="5su8Bhqpns9PCCWt2syrPFcbmeg=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4CRsugFhYWEc2HJEfY2+wlS3b3jt09IRz5FTYWitj6c+z8N26SKzTxwcDjvRlm5gUxZ9q47reTW1ldW9/Ibxa2tnd294r7B00dJYrQBol4pNoB1pQzSRuGGU7bsaJYBJy2gtHV1G89UaVZJB/MOKa+wAPJQkawsdLj9S26ZwOJea9YcsvuDGiZeBkpQYZ6r/jV7UckEVQawrHWHc+NjZ9iZRjhdFLoJprGmIzwgHYslVhQ7aezgyfoxCp9FEbKljRopv6eSLHQeiwC2ymwGepFbyr+53USE174KZNxYqgk80VhwpGJ0PR71GeKEsPHlmCimL0VkSFWmBibUcGG4C2+vEyalbJXLZ/dVUq1yyyOPBzBMZyCB+dQgxuoQwMICHiGV3hzlPPivDsf89ack80cwh84nz8GjI/q</latexit>

DL Signal
<latexit sha1_base64="ELTy4xFWLStUgTzdHJny1xN3SPg=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe4CfpRBGwuLiF4SSY6wt9lLluzuHbt7QjjyK2wsFLH159j5b9wkV2jig4HHezPMzAsTzrRx3W+nsLK6tr5R3Cxtbe/s7pX3D5o6ThWhPol5rNoh1pQzSX3DDKftRFEsQk5b4eh66reeqNIslg9mnNBA4IFkESPYWOnRv0X3bCAx75UrbtWdAS0TLycVyNHolb+6/ZikgkpDONa647mJCTKsDCOcTkrdVNMEkxEe0I6lEguqg2x28ASdWKWPoljZkgbN1N8TGRZaj0VoOwU2Q73oTcX/vE5qossgYzJJDZVkvihKOTIxmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtkQvMWXl0mzVvXOq2d3tUr9Ko+jCEdwDKfgwQXU4QYa4AMBAc/wCm+Ocl6cd+dj3lpw8plD+APn8wcg2I/7</latexit>

UL Signal

Virtual FD
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Uplink Synchronization

<latexit sha1_base64="w0117TeTBaiJI1eoc4HN3rVi7pM=">AAAB8XicbVBNT8JAEJ3iF+IX6tFLIzHhRFrj15GEi0dMLBChIdtlCxu222Z3aiQN/8KLB43x6r/x5r9xgR4UfMkkL+/NZGZekAiu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ThVlHk0FrHqBEQzwSXzkKNgnUQxEgWCtYNxY+a3H5nSPJb3OEmYH5Gh5CGnBI300EP2hFmj6U375YpTc+awV4mbkwrkaPbLX71BTNOISaSCaN11nQT9jCjkVLBpqZdqlhA6JkPWNVSSiGk/m188tc+MMrDDWJmSaM/V3xMZibSeRIHpjAiO9LI3E//zuimGN37GZZIik3SxKEyFjbE9e98ecMUoiokhhCpubrXpiChC0YRUMiG4yy+vktZ5zb2qXd5dVOrVPI4inMApVMGFa6jDLTTBAwoSnuEV3ixtvVjv1seitWDlM8fwB9bnD5xdkM8=</latexit>

CPU

<latexit sha1_base64="jP6yeQsC6c9zJLIFL2aDHRDAyvs=">AAAB/3icbVDJSgNBEK1xjXEbFbx4aQxCLoYZcTsGvXiMYBZIQujp9CRNeha6a8Qw5uCvePGgiFd/w5t/YyeZgyY+aHi8V9VV9bxYCo2O820tLC4tr6zm1vLrG5tb2/bObk1HiWK8yiIZqYZHNZci5FUUKHkjVpwGnuR1b3A99uv3XGkRhXc4jHk7oL1Q+IJRNFLH3m8hf8D0irLBcZ8mkpiPBnrUsQtOyZmAzBM3IwXIUOnYX61uxJKAh8gk1brpOjG2U6pQMMlH+VaieWyG0B5vGhrSgOt2Otl/RI6M0iV+pMwLkUzU3x0pDbQeBp6pDCj29aw3Fv/zmgn6l+1UhHGCPGTTQb45EiMyDoN0heIM5dAQypQwuxLWp4oyNJHlTQju7MnzpHZScs9LZ7enhXIxiyMHB3AIRXDhAspwAxWoAoNHeIZXeLOerBfr3fqYli5YWc8e/IH1+QMdcZYZ</latexit>

Back-haul links
<latexit sha1_base64="SA8EFCCoNLlqK4Nwe4o5b978zZA="></latexit>

Normalized delay between mth AP and kth UE
<latexit sha1_base64="py9Sx24Im0nr0dvGHU3+EWnCmjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cIJkaSJcxOJsmQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sjm6n/8MSNFbG+x3HCQ0UHWvQFo+ikxw7StJup0aRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv86zIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9Xgsnpxd16pBXkcRTiCYziFAK6gBrdQhwYwUPAMr/DmGe/Fe/c+5q0FL585hD/wPn8AM96Qog==</latexit>⌧mk

<latexit sha1_base64="6aeTRIPv0aAFOcSWNqJ7+zU82Dw=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlSBuYxELY5HoRWpD5bhua9VxIvsEUUVZeBUWBhBi5THYeBvcNgO0/JKlT/85R8fn9yPBNTjOt5VbWFxaXsmvFtbWNza37O2dug5jRVmNhiJUTZ9oJrhkNeAgWDNSjAS+YA1/eD2uNx6Y0jyUdzCKmBeQvuQ9TgkYq2PvtYE9QlJy76egIS3hq2rasYtO2ZkIz4ObQRFlqnbsr3Y3pHHAJFBBtG65TgReQhRwKlhaaMeaRYQOSZ+1DEoSMO0lkwNSfGicLu6FyjwJeOL+nkhIoPUo8E1nQGCgZ2tj879aK4bepZdwGcXAJJ0u6sUCQ4jHaeAuV4yCGBkgVHHzV0wHRBEKJrOCCcGdPXke6idl97x8dntarBxnceTRPjpAR8hFF6iCblAV1RBFKXpGr+jNerJerHfrY9qas7KZXfRH1ucPSf6WJg==</latexit>

1st AP

<latexit sha1_base64="fkj6L2sfD4/DOxt8Ke0riFPnxk0=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlVTcxiIWxiLRi9SGynHd1qrjRPYJooqy8CosDCDEymOw8Ta4bQYo/JKlT/85R8fn9yPBNTjOl5VbWFxaXsmvFtbWNza37O2dhg5jRVmdhiJULZ9oJrhkdeAgWCtSjAS+YE1/dDWpN++Z0jyUtzCOmBeQgeR9TgkYq2vvdYA9QFKq3M1A9tISvqylXbvolJ2p8F9wMyiiTLWu/dnphTQOmAQqiNZt14nAS4gCTgVLC51Ys4jQERmwtkFJAqa9ZHpAig+N08P9UJknAU/dnxMJCbQeB77pDAgM9XxtYv5Xa8fQv/ASLqMYmKSzRf1YYAjxJA3c44pREGMDhCpu/orpkChCwWRWMCG48yf/hUal7J6VT29OitXjLI482kcH6Ai56BxV0TWqoTqiKEVP6AW9Wo/Ws/Vmvc9ac1Y2s4t+yfr4Bis6lhI=</latexit>

2nd AP

<latexit sha1_base64="59lQSVjcvMyXaerslCfwTHgG1qU=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXAfi1gYi0QvUhsqx3Faq85F9gmiirLwKiwMIMTKY7DxNrhtBij8kqVP/zlHx+d3Y8EVWNaXUZibX1hcKi6XVlbX1jfMza2mihJJWYNGIpJtlygmeMgawEGwdiwZCVzBWu7walxv3TOpeBTewihmTkD6Ifc5JaCtnrnTBfYAaeX4bgrSyyr4sp71zLJVtSbCf8HOoYxy1XvmZ9eLaBKwEKggSnVsKwYnJRI4FSwrdRPFYkKHpM86GkMSMOWkkwMyvK8dD/uR1C8EPHF/TqQkUGoUuLozIDBQs7Wx+V+tk4B/4aQ8jBNgIZ0u8hOBIcLjNLDHJaMgRhoIlVz/FdMBkYSCzqykQ7BnT/4LzaOqfVY9vTkp1w7zOIpoF+2hA2Sjc1RD16iOGoiiDD2hF/RqPBrPxpvxPm0tGPnMNvol4+MbMvmWFw==</latexit>

3rd AP

<latexit sha1_base64="DhnscqBhvblElsM3BS7XwuLQymc=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjYngQcKMuB0jXjxGMAskQ+jp9CRNunuG7hoxDvkSLx4U8eqnePNv7CwHTXxQ8Hiviqp6YSK4Ac/7dpaWV1bX1nMb+c2t7Z2Cu7tXN3GqKavRWMS6GRLDBFesBhwEayaaERkK1ggHN2O/8cC04bG6h2HCAkl6ikecErBSxy20gT1CVpIl6OPr6qjjFr2yNwFeJP6MFNEM1Y771e7GNJVMARXEmJbvJRBkRAOngo3y7dSwhNAB6bGWpYpIZoJscvgIH1mli6NY21KAJ+rviYxIY4YytJ2SQN/Me2PxP6+VQnQVZFwlKTBFp4uiVGCI8TgF3OWaURBDSwjV3N6KaZ9oQsFmlbch+PMvL5L6adm/KJ/fnRUrJ7M4cugAHaJj5KNLVEG3qIpqiKIUPaNX9OY8OS/Ou/MxbV1yZjP76A+czx/wFJKQ</latexit>

mth AP

<latexit sha1_base64="SVVxotGy4ias+D8kSWSzFYmeFkk=">AAAB+HicbVDLTsJAFJ3iC/FB1aWbiWDiwpDW4GOJceMSE3kk0JDpMIUJ02kzc2vEhi9x40Jj3Pop7vwbB+hCwZPc5OSce3PvPX4suAbH+bZyK6tr6xv5zcLW9s5u0d7bb+ooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byRzdTv/XAlOaRvIdxzLyQDCQPOCVgpJ5d7AJ7hLRcLcMQX9cnPbvkVJwZ8DJxM1JCGeo9+6vbj2gSMglUEK07rhODlxIFnAo2KXQTzWJCR2TAOoZKEjLtpbPDJ/jYKH0cRMqUBDxTf0+kJNR6HPqmMyQw1IveVPzP6yQQXHkpl3ECTNL5oiARGCI8TQH3uWIUxNgQQhU3t2I6JIpQMFkVTAju4svLpHlWcS8q53fVUu00iyOPDtEROkEuukQ1dIvqqIEoStAzekVv1pP1Yr1bH/PWnJXNHKA/sD5/AJghklc=</latexit>

4th AP

<latexit sha1_base64="wsV+Fhc/S1rATx/pckUCjGguQyg=">AAAB+HicbVBNS8NAEN34WetHox69LLaCBymJ+HUsiOCxgmkLbSib7aZdutmE3YlYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tpeWV1bb2wUdzc2t4p2bt7DR2nijKPxiJWrYBoJrhkHnAQrJUoRqJAsGYwvJ74zQemNI/lPYwS5kekL3nIKQEjde1SB9gjZJVhBQbYuxl37bJTdabAi8TNSRnlqHftr04vpmnEJFBBtG67TgJ+RhRwKti42Ek1Swgdkj5rGypJxLSfTQ8f4yOj9HAYK1MS8FT9PZGRSOtRFJjOiMBAz3sT8T+vnUJ45WdcJikwSWeLwlRgiPEkBdzjilEQI0MIVdzciumAKELBZFU0IbjzLy+SxmnVvaie352Vayd5HAV0gA7RMXLRJaqhW1RHHqIoRc/oFb1ZT9aL9W59zFqXrHxmH/2B9fkD+r+Slw==</latexit>

kth UE
<latexit sha1_base64="QmsfQ8REKDKVRpB7qgNXSFWMmZ8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvHiMYB6SLGF2MpsMmZ1dZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVA44T7kd0oEQoGEUrPXaRpr3MG0165YpbdWcgy8TLSQVy1Hvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWKpoxI2fzQ6ekBOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J442dCJSlyxeaLwlQSjMn0e9IXmjOUY0so08LeStiQasrQZlSyIXiLLy+T5nnVu6pe3l9Uamd5HEU4gmM4BQ+uoQZ3UIcGMIjgGV7hzdHOi/PufMxbC04+cwh/4Hz+ANbmkGE=</latexit>⌧1k

<latexit sha1_base64="NiLn7g576T0I1QWiMowyFOY0Lrs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8SNgNvo4BLx4jmIckS5idzCZDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBHcoOd9Oyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5YAzkK1k40IzIUrBWObqd+64lpw2P1gOOEBZIMFI84JWilxy6StJdVR5NeqexVvBncZeLnpAw56r3SV7cf01QyhVQQYzq+l2CQEY2cCjYpdlPDEkJHZMA6lioimQmy2cET99QqfTeKtS2F7kz9PZERacxYhrZTEhyaRW8q/ud1UoxugoyrJEWm6HxRlAoXY3f6vdvnmlEUY0sI1dze6tIh0YSizahoQ/AXX14mzWrFv6pc3l+Ua+d5HAU4hhM4Ax+uoQZ3UIcGUJDwDK/w5mjnxXl3PuatK04+cwR/4Hz+ANhskGI=</latexit>⌧2k

<latexit sha1_base64="xVMzQnvcfzCkSzYvlq7jrqwsXIQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8SNj1fQx48RjBPCRZwuxkNhkyM7vM9AphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFieAGPe/bWVpeWV1bL2wUN7e2d3ZLe/sNE6easjqNRaxbITFMcMXqyFGwVqIZkaFgzXB4O/GbT0wbHqsHHCUskKSveMQpQSs9dpCk3ex8OO6Wyl7Fm8JdJH5OypCj1i19dXoxTSVTSAUxpu17CQYZ0cipYONiJzUsIXRI+qxtqSKSmSCbHjx2j63Sc6NY21LoTtXfExmRxoxkaDslwYGZ9ybif147xegmyLhKUmSKzhZFqXAxdiffuz2uGUUxsoRQze2tLh0QTSjajIo2BH/+5UXSOKv4V5XL+4ty9TSPowCHcAQn4MM1VOEOalAHChKe4RXeHO28OO/Ox6x1yclnDuAPnM8f2fKQYw==</latexit>⌧3k

<latexit sha1_base64="iU2owfraJ44e+doUAh6j5zV4gUQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvHiMYB6SLGF2MpsMmZ1dZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrBxwn3I/oQIlQMIpWeuwiTXtZdTTplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Njt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhjZ8JlaTIFZsvClNJMCbT70lfaM5Qji2hTAt7K2FDqilDm1HRhuAtvrxMmhcV76pyeV8t187zOApwDCdwBh5cQw3uoA4NYBDBM7zCm6OdF+fd+Zi3rjj5zBH8gfP5A9t4kGQ=</latexit>⌧4k
<latexit sha1_base64="QvbQThXeyp+S57EcVeaBSQNSBhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvHiMYB6SLGF2MpsMmdldZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANlyLiDRQoeTvRnKpA8lYwup36rSeujYijBxwn3Fd0EIlQMIpWeuwiTXuZGk165YpbdWcgy8TLSQVy1Hvlr24/ZqniETJJjel4boJ+RjUKJvmk1E0NTygb0QHvWBpRxY2fzQ6ekBOr9EkYa1sRkpn6eyKjypixCmynojg0i95U/M/rpBje+JmIkhR5xOaLwlQSjMn0e9IXmjOUY0so08LeStiQasrQZlSyIXiLLy+T5nnVu6pe3l9Uamd5HEU4gmM4BQ+uoQZ3UIcGMFDwDK/w5mjnxXl3PuatBSefOYQ/cD5/ADJdkJ0=</latexit>⌧mk

:

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP
<latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP
<latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="bJidQt9BBCsYiH5JTC8d4yLj6qM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJYB6SLGF2MpsMmZ1dZnqFsOQrvHhQxKuf482/cZLsQaMFDUVVN91dQSKFQdf9cgpLyyura8X10sbm1vZOeXevaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXU/91iPXRsTqHscJ9yM6UCIUjKKVHm57WReRmEmvXHGr7gzkL/FyUoEc9V75s9uPWRpxhUxSYzqem6CfUY2CST4pdVPDE8pGdMA7lioaceNns4Mn5MgqfRLG2pZCMlN/TmQ0MmYcBbYzojg0i95U/M/rpBhe+plQSYpcsfmiMJUEYzL9nvSF5gzl2BLKtLC3EjakmjK0GZVsCN7iy39J86TqnVfP7k4rtas8jiIcwCEcgwcXUIMbqEMDGETwBC/w6mjn2Xlz3uetBSef2YdfcD6+AbDRkFo=</latexit>

Ns

<latexit sha1_base64="33RbtxoQ2zphL1IvkMQEHX02TuM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJYB6YLGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOJvsQaMFDUVVN91dQSyFQdf9cgpLyyura8X10sbm1vZOeXevaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsYX2d+65FrIyJ1j5OY+yEdKjEQjKKVHm57aReRsHjaK1fcqjsD+Uu8nFQgR71X/uz2I5aEXCGT1JiO58bop1SjYJJPS93E8JiyMR3yjqWKhtz46eziKTmySp8MIm1L2f2Z+nMipaExkzCwnSHFkVn0MvE/r5Pg4NJPhYoT5IrNFw0SSTAi2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwFl/+S5onVe+8enZ3Wqld5XEU4QAO4Rg8uIAa3EAdGsBAwRO8wKtjnGfnzXmftxacfGYffsH5+AZqo5DE</latexit>

Ncp

<latexit sha1_base64="KzUJNtuDauWoNjohFz9Xr8YU2q8=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBZIx9HR6kiY9i901wTDMd3jxoIhXP8abf2MnmYMmPih4vFdFVT0vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+ho0QxXmeRjFTLo5pLEfI6CpS8FStOA0/ypje8mfjNEVdaROE9jmPuBrQfCl8wikZyxUPaQf6EKQ6yrFsq2xV7CrJInJyUIUetW/rq9CKWBDxEJqnWbceO0U2pQsEkz4qdRPOYsiHt87ahIQ24dtPp0Rk5NkqP+JEyFSKZqr8nUhpoPQ480xlQHOh5byL+57UT9K/cVIRxgjxks0V+IglGZJIA6QnFGcqxIZQpYW4lbEAVZWhyKpoQnPmXF0njtOJcVM7vzsrV6zyOAhzCEZyAA5dQhVuoQR0YPMIzvMKbNbJerHfrY9a6ZOUzB/AH1ucPtT+Sug==</latexit>

ith
<latexit sha1_base64="9In6U7KpK4uWGsudI2dOExCOuoQ=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiQpUgXscKLhyLRB9SGyrHdVqrjhPZG6AK+RQuHECIK1/Cjb/BbXOAlpFWGs3sanfHjwXX4Djf1sLi0vLKamGtuL6xubVtl3YaOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1dhv3jOleSRvYRQzLyR9yQNOCRipa5dSfuRmd2kH2COkMMiyrl12Ks4EeJ64OSmjHLWu/dXpRTQJmQQqiNZt14nBS4kCTgXLip1Es5jQIemztqGShEx76eT0DB8YpYeDSJmSgCfq74mUhFqPQt90hgQGetYbi/957QSCCy/lMk6ASTpdFCQCQ4THOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdfXmeNI4r7lnl9OakXL3M4yigPbSPDpGLzlEVXaMaqiOKHtAzekVv1pP1Yr1bH9PWBSuf2UV/YH3+ANttlGk=</latexit>

i � 1th

<latexit sha1_base64="9In6U7KpK4uWGsudI2dOExCOuoQ=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiQpUgXscKLhyLRB9SGyrHdVqrjhPZG6AK+RQuHECIK1/Cjb/BbXOAlpFWGs3sanfHjwXX4Djf1sLi0vLKamGtuL6xubVtl3YaOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1dhv3jOleSRvYRQzLyR9yQNOCRipa5dSfuRmd2kH2COkMMiyrl12Ks4EeJ64OSmjHLWu/dXpRTQJmQQqiNZt14nBS4kCTgXLip1Es5jQIemztqGShEx76eT0DB8YpYeDSJmSgCfq74mUhFqPQt90hgQGetYbi/957QSCCy/lMk6ASTpdFCQCQ4THOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdfXmeNI4r7lnl9OakXL3M4yigPbSPDpGLzlEVXaMaqiOKHtAzekVv1pP1Yr1bH9PWBSuf2UV/YH3+ANttlGk=</latexit>

i � 1th

<latexit sha1_base64="9In6U7KpK4uWGsudI2dOExCOuoQ=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiQpUgXscKLhyLRB9SGyrHdVqrjhPZG6AK+RQuHECIK1/Cjb/BbXOAlpFWGs3sanfHjwXX4Djf1sLi0vLKamGtuL6xubVtl3YaOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1dhv3jOleSRvYRQzLyR9yQNOCRipa5dSfuRmd2kH2COkMMiyrl12Ks4EeJ64OSmjHLWu/dXpRTQJmQQqiNZt14nBS4kCTgXLip1Es5jQIemztqGShEx76eT0DB8YpYeDSJmSgCfq74mUhFqPQt90hgQGetYbi/957QSCCy/lMk6ASTpdFCQCQ4THOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdfXmeNI4r7lnl9OakXL3M4yigPbSPDpGLzlEVXaMaqiOKHtAzekVv1pP1Yr1bH9PWBSuf2UV/YH3+ANttlGk=</latexit>

i � 1th

<latexit sha1_base64="KzUJNtuDauWoNjohFz9Xr8YU2q8=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBZIx9HR6kiY9i901wTDMd3jxoIhXP8abf2MnmYMmPih4vFdFVT0vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+ho0QxXmeRjFTLo5pLEfI6CpS8FStOA0/ypje8mfjNEVdaROE9jmPuBrQfCl8wikZyxUPaQf6EKQ6yrFsq2xV7CrJInJyUIUetW/rq9CKWBDxEJqnWbceO0U2pQsEkz4qdRPOYsiHt87ahIQ24dtPp0Rk5NkqP+JEyFSKZqr8nUhpoPQ480xlQHOh5byL+57UT9K/cVIRxgjxks0V+IglGZJIA6QnFGcqxIZQpYW4lbEAVZWhyKpoQnPmXF0njtOJcVM7vzsrV6zyOAhzCEZyAA5dQhVuoQR0YPMIzvMKbNbJerHfrY9a6ZOUzB/AH1ucPtT+Sug==</latexit>

ith

<latexit sha1_base64="KzUJNtuDauWoNjohFz9Xr8YU2q8=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBZIx9HR6kiY9i901wTDMd3jxoIhXP8abf2MnmYMmPih4vFdFVT0vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+ho0QxXmeRjFTLo5pLEfI6CpS8FStOA0/ypje8mfjNEVdaROE9jmPuBrQfCl8wikZyxUPaQf6EKQ6yrFsq2xV7CrJInJyUIUetW/rq9CKWBDxEJqnWbceO0U2pQsEkz4qdRPOYsiHt87ahIQ24dtPp0Rk5NkqP+JEyFSKZqr8nUhpoPQ480xlQHOh5byL+57UT9K/cVIRxgjxks0V+IglGZJIA6QnFGcqxIZQpYW4lbEAVZWhyKpoQnPmXF0njtOJcVM7vzsrV6zyOAhzCEZyAA5dQhVuoQR0YPMIzvMKbNbJerHfrY9a6ZOUzB/AH1ucPtT+Sug==</latexit>

ith

<latexit sha1_base64="LqUj+8WnrmrcESrxpaEF5n255R8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgyK4DGCWSAZQk+nJmnSs9hdEwzDfIcXD4p49WO8+Td2kjlo9EHB470qqup5sRQabfvLKiwtr6yuFddLG5tb2zvl3b2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaPrqd8ag9IiCu9xEoMbsEEofMEZGsntIjxi2rjJeqmT9coVu2rPQP8SJycVkqPeK392+xFPAgiRS6Z1x7FjdFOmUHAJWambaIgZH7EBdAwNWQDaTWdHZ/TIKH3qR8pUiHSm/pxIWaD1JPBMZ8BwqBe9qfif10nQv3RTEcYJQsjni/xEUozoNAHaFwo4yokhjCthbqV8yBTjaHIqmRCcxZf/kuZJ1Tmvnt2dVmpXeRxFckAOyTFxyAWpkVtSJw3CyQN5Ii/k1Rpbz9ab9T5vLVj5zD75BevjG/zCkkE=</latexit>

UE1

<latexit sha1_base64="NOMCTjSTCr4O0EhXxxANa+P9yzs=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0mKX+ClIILHCqYttKFstpt26WYTdyfFEvI7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD8WXINtf1uFldW19Y3iZmlre2d3r7x/0NRRoihzaSQi1faJZoJL5gIHwdqxYiT0BWv5o5up3xozpXkkH2ASMy8kA8kDTgkYyesCe4LUvc16aS3rlSt21Z4BLxMnJxWUo9Erf3X7EU1CJoEKonXHsWPwUqKAU8GyUjfRLCZ0RAasY6gkIdNeOjs6wydG6eMgUqYk4Jn6eyIlodaT0DedIYGhXvSm4n9eJ4Hgyku5jBNgks4XBYnAEOFpArjPFaMgJoYQqri5FdMhUYSCyalkQnAWX14mzVrVuaie359V6td5HEV0hI7RKXLQJaqjO9RALqLoET2jV/Rmja0X6936mLcWrHzmEP2B9fkD/CySOw==</latexit>

UE2

<latexit sha1_base64="0H63HPflFWsEK33heLA50so4Xt8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0n8Bi8FETxWMG2hDWWz3bRLN5u4OymWkN/hxYMiXv0x3vw3btsctPXBwOO9GWbm+bHgGmz72yosLa+srhXXSxubW9s75d29ho4SRZlLIxGplk80E1wyFzgI1ooVI6EvWNMf3kz85ogpzSP5AOOYeSHpSx5wSsBIXgfYE6TubdZNT7NuuWJX7SnwInFyUkE56t3yV6cX0SRkEqggWrcdOwYvJQo4FSwrdRLNYkKHpM/ahkoSMu2l06MzfGSUHg4iZUoCnqq/J1ISaj0OfdMZEhjoeW8i/ue1EwiuvJTLOAEm6WxRkAgMEZ4kgHtcMQpibAihiptbMR0QRSiYnEomBGf+5UXSOKk6F9Xz+7NK7TqPo4gO0CE6Rg66RDV0h+rIRRQ9omf0it6skfVivVsfs9aClc/soz+wPn8A/bGSPA==</latexit>

UE3

<latexit sha1_base64="fKiJedtcftvYBePYbxg/Wan4o48=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKL/AS8OIxgnlIsoTZyWwyZGZ2mekVwpKv8OJBEa9+jjf/xkmyB00saCiquunuChPBDXret1NYWV1b3yhulra2d3b3yvsHTROnmrIGjUWs2yExTHDFGshRsHaiGZGhYK1wdDv1W09MGx6rBxwnLJBkoHjEKUErPXaRpL1M+pNeueJVvRncZeLnpAI56r3yV7cf01QyhVQQYzq+l2CQEY2cCjYpdVPDEkJHZMA6lioimQmy2cET98QqfTeKtS2F7kz9PZERacxYhrZTEhyaRW8q/ud1Uoyug4yrJEWm6HxRlAoXY3f6vdvnmlEUY0sI1dze6tIh0YSizahkQ/AXX14mzbOqf1m9uD+v1G7yOIpwBMdwCj5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AN6vkHI=</latexit>⌧m1

<latexit sha1_base64="GErKaan7WwiIx3UivXNq0ho4Z1A=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hd3gC7wEvHiMYB6SLGF2MpsMmZldZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7wkRwg5737aysrq1vbBa2its7u3v7pYPDpolTTVmDxiLW7ZAYJrhiDeQoWDvRjMhQsFY4up36rSemDY/VA44TFkgyUDzilKCVHrtI0l4mq5NeqexVvBncZeLnpAw56r3SV7cf01QyhVQQYzq+l2CQEY2cCjYpdlPDEkJHZMA6lioimQmy2cET99QqfTeKtS2F7kz9PZERacxYhrZTEhyaRW8q/ud1Uoyug4yrJEWm6HxRlAoXY3f6vdvnmlEUY0sI1dze6tIh0YSizahoQ/AXX14mzWrFv6xc3J+Xazd5HAU4hhM4Ax+uoAZ3UIcGUJDwDK/w5mjnxXl3PuatK04+cwR/4Hz+AOA0kHM=</latexit>⌧m2

<latexit sha1_base64="GKRPmPdaAFvgvdevM3ae3GCkyYE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKez6Bi8BLx4jmIckS5idzCZDZmaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXmAhu0PO+nMLS8srqWnG9tLG5tb1T3t1rmjjVlDVoLGLdDolhgivWQI6CtRPNiAwFa4Wjm6nfemTa8Fjd4zhhgSQDxSNOCVrpoYsk7WXydNIrV7yqN4P7l/g5qUCOeq/82e3HNJVMIRXEmI7vJRhkRCOngk1K3dSwhNARGbCOpYpIZoJsdvDEPbJK341ibUuhO1N/TmREGjOWoe2UBIdm0ZuK/3mdFKOrIOMqSZEpOl8UpcLF2J1+7/a5ZhTF2BJCNbe3unRINKFoMyrZEPzFl/+S5knVv6ie351Vatd5HEU4gEM4Bh8uoQa3UIcGUJDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AeG5kHQ=</latexit>⌧m3 <latexit sha1_base64="kf3791Q7UslMBd3djCl1hfJSxIo=">AAACCXicbVC5TgMxEPVyhnAFKGksAhIN0S7iKiPRQBcEOaQkirzObGLF613Zs4holZaGX6GhACFa/oCOv8E5Ckh4kqXn92Y0M8+PpTDout/O3PzC4tJyZiW7ura+sZnb2q6YKNEcyjySka75zIAUCsooUEIt1sBCX0LV710O/eo9aCMidYf9GJoh6ygRCM7QSq0cbSA8YHqtEPTRbT/0I0lHnwA0KA6DVi7vFtwR6CzxJiRPJii1cl+NdsSTEBRyyYype26MzZRpFFzCINtIDMSM91gH6pYqFoJppqNLBvTAKm0aRNo+hXSk/u5IWWiM3dJWhgy7Ztobiv959QSDi2YqVJygPWs8KEgkxYgOY6FtoYGj7FvCuBZ2V8q7TDNuozBZG4I3ffIsqRwXvLPC6c1Jvrg/iSNDdskeOSQeOSdFckVKpEw4eSTP5JW8OU/Oi/PufIxL55xJzw75A+fzByyjmo8=</latexit>

Inter-Symbol Interference
<latexit sha1_base64="/NlGxKOH1DWyALZks7YEjX60j2A=">AAACFXicbVDLSsNAFJ3UV62vqEs3wWpxoSURX8uCG90pWFtoSplMb+rQySTM3Igl9Cfc+CtuXCjiVnDn3zitXdTWAwOHc+7lzjlBIrhG1/22cjOzc/ML+cXC0vLK6pq9vnGr41QxqLJYxKoeUA2CS6giRwH1RAGNAgG1oHs+8Gv3oDSP5Q32EmhGtCN5yBlFI7Xs/ZKP8IDZpURQB+dUKQ6q7/ulwpgeggLJoN+yi27ZHcKZJt6IFMkIVy37y2/HLI1AIhNU64bnJtjMqELOBPQLfqohoaxLO9AwVNIIdDMbpuo7u0ZpO2GszJPoDNXxjYxGWveiwExGFO/0pDcQ//MaKYZnzYzLJEUT6/dQmAoHY2dQkdPmChiKniGUKW7+6rA7qigzVeiCKcGbjDxNbg/L3kn5+PqoWNkZ1ZEnW2Sb7BGPnJIKuSBXpEoYeSTP5JW8WU/Wi/VuffyO5qzRzib5A+vzByW0n2A=</latexit>

Inter-Carrier

Interference
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Uplink Synchronization

<latexit sha1_base64="w0117TeTBaiJI1eoc4HN3rVi7pM=">AAAB8XicbVBNT8JAEJ3iF+IX6tFLIzHhRFrj15GEi0dMLBChIdtlCxu222Z3aiQN/8KLB43x6r/x5r9xgR4UfMkkL+/NZGZekAiu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ThVlHk0FrHqBEQzwSXzkKNgnUQxEgWCtYNxY+a3H5nSPJb3OEmYH5Gh5CGnBI300EP2hFmj6U375YpTc+awV4mbkwrkaPbLX71BTNOISaSCaN11nQT9jCjkVLBpqZdqlhA6JkPWNVSSiGk/m188tc+MMrDDWJmSaM/V3xMZibSeRIHpjAiO9LI3E//zuimGN37GZZIik3SxKEyFjbE9e98ecMUoiokhhCpubrXpiChC0YRUMiG4yy+vktZ5zb2qXd5dVOrVPI4inMApVMGFa6jDLTTBAwoSnuEV3ixtvVjv1seitWDlM8fwB9bnD5xdkM8=</latexit>

CPU

<latexit sha1_base64="jP6yeQsC6c9zJLIFL2aDHRDAyvs=">AAAB/3icbVDJSgNBEK1xjXEbFbx4aQxCLoYZcTsGvXiMYBZIQujp9CRNeha6a8Qw5uCvePGgiFd/w5t/YyeZgyY+aHi8V9VV9bxYCo2O820tLC4tr6zm1vLrG5tb2/bObk1HiWK8yiIZqYZHNZci5FUUKHkjVpwGnuR1b3A99uv3XGkRhXc4jHk7oL1Q+IJRNFLH3m8hf8D0irLBcZ8mkpiPBnrUsQtOyZmAzBM3IwXIUOnYX61uxJKAh8gk1brpOjG2U6pQMMlH+VaieWyG0B5vGhrSgOt2Otl/RI6M0iV+pMwLkUzU3x0pDbQeBp6pDCj29aw3Fv/zmgn6l+1UhHGCPGTTQb45EiMyDoN0heIM5dAQypQwuxLWp4oyNJHlTQju7MnzpHZScs9LZ7enhXIxiyMHB3AIRXDhAspwAxWoAoNHeIZXeLOerBfr3fqYli5YWc8e/IH1+QMdcZYZ</latexit>

Back-haul links
<latexit sha1_base64="SA8EFCCoNLlqK4Nwe4o5b978zZA="></latexit>

Normalized delay between mth AP and kth UE
<latexit sha1_base64="py9Sx24Im0nr0dvGHU3+EWnCmjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cIJkaSJcxOJsmQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sjm6n/8MSNFbG+x3HCQ0UHWvQFo+ikxw7StJup0aRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv86zIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9Xgsnpxd16pBXkcRTiCYziFAK6gBrdQhwYwUPAMr/DmGe/Fe/c+5q0FL585hD/wPn8AM96Qog==</latexit>⌧mk

<latexit sha1_base64="6aeTRIPv0aAFOcSWNqJ7+zU82Dw=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlSBuYxELY5HoRWpD5bhua9VxIvsEUUVZeBUWBhBi5THYeBvcNgO0/JKlT/85R8fn9yPBNTjOt5VbWFxaXsmvFtbWNza37O2dug5jRVmNhiJUTZ9oJrhkNeAgWDNSjAS+YA1/eD2uNx6Y0jyUdzCKmBeQvuQ9TgkYq2PvtYE9QlJy76egIS3hq2rasYtO2ZkIz4ObQRFlqnbsr3Y3pHHAJFBBtG65TgReQhRwKlhaaMeaRYQOSZ+1DEoSMO0lkwNSfGicLu6FyjwJeOL+nkhIoPUo8E1nQGCgZ2tj879aK4bepZdwGcXAJJ0u6sUCQ4jHaeAuV4yCGBkgVHHzV0wHRBEKJrOCCcGdPXke6idl97x8dntarBxnceTRPjpAR8hFF6iCblAV1RBFKXpGr+jNerJerHfrY9qas7KZXfRH1ucPSf6WJg==</latexit>

1st AP

<latexit sha1_base64="fkj6L2sfD4/DOxt8Ke0riFPnxk0=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlVTcxiIWxiLRi9SGynHd1qrjRPYJooqy8CosDCDEymOw8Ta4bQYo/JKlT/85R8fn9yPBNTjOl5VbWFxaXsmvFtbWNza37O2dhg5jRVmdhiJULZ9oJrhkdeAgWCtSjAS+YE1/dDWpN++Z0jyUtzCOmBeQgeR9TgkYq2vvdYA9QFKq3M1A9tISvqylXbvolJ2p8F9wMyiiTLWu/dnphTQOmAQqiNZt14nAS4gCTgVLC51Ys4jQERmwtkFJAqa9ZHpAig+N08P9UJknAU/dnxMJCbQeB77pDAgM9XxtYv5Xa8fQv/ASLqMYmKSzRf1YYAjxJA3c44pREGMDhCpu/orpkChCwWRWMCG48yf/hUal7J6VT29OitXjLI482kcH6Ai56BxV0TWqoTqiKEVP6AW9Wo/Ws/Vmvc9ac1Y2s4t+yfr4Bis6lhI=</latexit>

2nd AP

<latexit sha1_base64="59lQSVjcvMyXaerslCfwTHgG1qU=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXAfi1gYi0QvUhsqx3Faq85F9gmiirLwKiwMIMTKY7DxNrhtBij8kqVP/zlHx+d3Y8EVWNaXUZibX1hcKi6XVlbX1jfMza2mihJJWYNGIpJtlygmeMgawEGwdiwZCVzBWu7walxv3TOpeBTewihmTkD6Ifc5JaCtnrnTBfYAaeX4bgrSyyr4sp71zLJVtSbCf8HOoYxy1XvmZ9eLaBKwEKggSnVsKwYnJRI4FSwrdRPFYkKHpM86GkMSMOWkkwMyvK8dD/uR1C8EPHF/TqQkUGoUuLozIDBQs7Wx+V+tk4B/4aQ8jBNgIZ0u8hOBIcLjNLDHJaMgRhoIlVz/FdMBkYSCzqykQ7BnT/4LzaOqfVY9vTkp1w7zOIpoF+2hA2Sjc1RD16iOGoiiDD2hF/RqPBrPxpvxPm0tGPnMNvol4+MbMvmWFw==</latexit>

3rd AP

<latexit sha1_base64="DhnscqBhvblElsM3BS7XwuLQymc=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjYngQcKMuB0jXjxGMAskQ+jp9CRNunuG7hoxDvkSLx4U8eqnePNv7CwHTXxQ8Hiviqp6YSK4Ac/7dpaWV1bX1nMb+c2t7Z2Cu7tXN3GqKavRWMS6GRLDBFesBhwEayaaERkK1ggHN2O/8cC04bG6h2HCAkl6ikecErBSxy20gT1CVpIl6OPr6qjjFr2yNwFeJP6MFNEM1Y771e7GNJVMARXEmJbvJRBkRAOngo3y7dSwhNAB6bGWpYpIZoJscvgIH1mli6NY21KAJ+rviYxIY4YytJ2SQN/Me2PxP6+VQnQVZFwlKTBFp4uiVGCI8TgF3OWaURBDSwjV3N6KaZ9oQsFmlbch+PMvL5L6adm/KJ/fnRUrJ7M4cugAHaJj5KNLVEG3qIpqiKIUPaNX9OY8OS/Ou/MxbV1yZjP76A+czx/wFJKQ</latexit>

mth AP

<latexit sha1_base64="SVVxotGy4ias+D8kSWSzFYmeFkk=">AAAB+HicbVDLTsJAFJ3iC/FB1aWbiWDiwpDW4GOJceMSE3kk0JDpMIUJ02kzc2vEhi9x40Jj3Pop7vwbB+hCwZPc5OSce3PvPX4suAbH+bZyK6tr6xv5zcLW9s5u0d7bb+ooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byRzdTv/XAlOaRvIdxzLyQDCQPOCVgpJ5d7AJ7hLRcLcMQX9cnPbvkVJwZ8DJxM1JCGeo9+6vbj2gSMglUEK07rhODlxIFnAo2KXQTzWJCR2TAOoZKEjLtpbPDJ/jYKH0cRMqUBDxTf0+kJNR6HPqmMyQw1IveVPzP6yQQXHkpl3ECTNL5oiARGCI8TQH3uWIUxNgQQhU3t2I6JIpQMFkVTAju4svLpHlWcS8q53fVUu00iyOPDtEROkEuukQ1dIvqqIEoStAzekVv1pP1Yr1bH/PWnJXNHKA/sD5/AJghklc=</latexit>

4th AP

<latexit sha1_base64="wsV+Fhc/S1rATx/pckUCjGguQyg=">AAAB+HicbVBNS8NAEN34WetHox69LLaCBymJ+HUsiOCxgmkLbSib7aZdutmE3YlYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tpeWV1bb2wUdzc2t4p2bt7DR2nijKPxiJWrYBoJrhkHnAQrJUoRqJAsGYwvJ74zQemNI/lPYwS5kekL3nIKQEjde1SB9gjZJVhBQbYuxl37bJTdabAi8TNSRnlqHftr04vpmnEJFBBtG67TgJ+RhRwKti42Ek1Swgdkj5rGypJxLSfTQ8f4yOj9HAYK1MS8FT9PZGRSOtRFJjOiMBAz3sT8T+vnUJ45WdcJikwSWeLwlRgiPEkBdzjilEQI0MIVdzciumAKELBZFU0IbjzLy+SxmnVvaie352Vayd5HAV0gA7RMXLRJaqhW1RHHqIoRc/oFb1ZT9aL9W59zFqXrHxmH/2B9fkD+r+Slw==</latexit>

kth UE
<latexit sha1_base64="QmsfQ8REKDKVRpB7qgNXSFWMmZ8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvHiMYB6SLGF2MpsMmZ1dZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVA44T7kd0oEQoGEUrPXaRpr3MG0165YpbdWcgy8TLSQVy1Hvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWKpoxI2fzQ6ekBOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J442dCJSlyxeaLwlQSjMn0e9IXmjOUY0so08LeStiQasrQZlSyIXiLLy+T5nnVu6pe3l9Uamd5HEU4gmM4BQ+uoQZ3UIcGMIjgGV7hzdHOi/PufMxbC04+cwh/4Hz+ANbmkGE=</latexit>⌧1k

<latexit sha1_base64="NiLn7g576T0I1QWiMowyFOY0Lrs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8SNgNvo4BLx4jmIckS5idzCZDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBHcoOd9Oyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5YAzkK1k40IzIUrBWObqd+64lpw2P1gOOEBZIMFI84JWilxy6StJdVR5NeqexVvBncZeLnpAw56r3SV7cf01QyhVQQYzq+l2CQEY2cCjYpdlPDEkJHZMA6lioimQmy2cET99QqfTeKtS2F7kz9PZERacxYhrZTEhyaRW8q/ud1UoxugoyrJEWm6HxRlAoXY3f6vdvnmlEUY0sI1dze6tIh0YSizahoQ/AXX14mzWrFv6pc3l+Ua+d5HAU4hhM4Ax+uoQZ3UIcGUJDwDK/w5mjnxXl3PuatK04+cwR/4Hz+ANhskGI=</latexit>⌧2k

<latexit sha1_base64="xVMzQnvcfzCkSzYvlq7jrqwsXIQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8SNj1fQx48RjBPCRZwuxkNhkyM7vM9AphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFieAGPe/bWVpeWV1bL2wUN7e2d3ZLe/sNE6easjqNRaxbITFMcMXqyFGwVqIZkaFgzXB4O/GbT0wbHqsHHCUskKSveMQpQSs9dpCk3ex8OO6Wyl7Fm8JdJH5OypCj1i19dXoxTSVTSAUxpu17CQYZ0cipYONiJzUsIXRI+qxtqSKSmSCbHjx2j63Sc6NY21LoTtXfExmRxoxkaDslwYGZ9ybif147xegmyLhKUmSKzhZFqXAxdiffuz2uGUUxsoRQze2tLh0QTSjajIo2BH/+5UXSOKv4V5XL+4ty9TSPowCHcAQn4MM1VOEOalAHChKe4RXeHO28OO/Ox6x1yclnDuAPnM8f2fKQYw==</latexit>⌧3k

<latexit sha1_base64="iU2owfraJ44e+doUAh6j5zV4gUQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvHiMYB6SLGF2MpsMmZ1dZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrBxwn3I/oQIlQMIpWeuwiTXtZdTTplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Njt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhjZ8JlaTIFZsvClNJMCbT70lfaM5Qji2hTAt7K2FDqilDm1HRhuAtvrxMmhcV76pyeV8t187zOApwDCdwBh5cQw3uoA4NYBDBM7zCm6OdF+fd+Zi3rjj5zBH8gfP5A9t4kGQ=</latexit>⌧4k
<latexit sha1_base64="QvbQThXeyp+S57EcVeaBSQNSBhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvHiMYB6SLGF2MpsMmdldZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANlyLiDRQoeTvRnKpA8lYwup36rSeujYijBxwn3Fd0EIlQMIpWeuwiTXuZGk165YpbdWcgy8TLSQVy1Hvlr24/ZqniETJJjel4boJ+RjUKJvmk1E0NTygb0QHvWBpRxY2fzQ6ekBOr9EkYa1sRkpn6eyKjypixCmynojg0i95U/M/rpBje+JmIkhR5xOaLwlQSjMn0e9IXmjOUY0so08LeStiQasrQZlSyIXiLLy+T5nnVu6pe3l9Uamd5HEU4gmM4BQ+uoQZ3UIcGMFDwDK/w5mjnxXl3PuatBSefOYQ/cD5/ADJdkJ0=</latexit>⌧mk

:

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP
<latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP
<latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="bJidQt9BBCsYiH5JTC8d4yLj6qM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJYB6SLGF2MpsMmZ1dZnqFsOQrvHhQxKuf482/cZLsQaMFDUVVN91dQSKFQdf9cgpLyyura8X10sbm1vZOeXevaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXU/91iPXRsTqHscJ9yM6UCIUjKKVHm57WReRmEmvXHGr7gzkL/FyUoEc9V75s9uPWRpxhUxSYzqem6CfUY2CST4pdVPDE8pGdMA7lioaceNns4Mn5MgqfRLG2pZCMlN/TmQ0MmYcBbYzojg0i95U/M/rpBhe+plQSYpcsfmiMJUEYzL9nvSF5gzl2BLKtLC3EjakmjK0GZVsCN7iy39J86TqnVfP7k4rtas8jiIcwCEcgwcXUIMbqEMDGETwBC/w6mjn2Xlz3uetBSef2YdfcD6+AbDRkFo=</latexit>

Ns

<latexit sha1_base64="33RbtxoQ2zphL1IvkMQEHX02TuM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJYB6YLGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOJvsQaMFDUVVN91dQSyFQdf9cgpLyyura8X10sbm1vZOeXevaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsYX2d+65FrIyJ1j5OY+yEdKjEQjKKVHm57aReRsHjaK1fcqjsD+Uu8nFQgR71X/uz2I5aEXCGT1JiO58bop1SjYJJPS93E8JiyMR3yjqWKhtz46eziKTmySp8MIm1L2f2Z+nMipaExkzCwnSHFkVn0MvE/r5Pg4NJPhYoT5IrNFw0SSTAi2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwFl/+S5onVe+8enZ3Wqld5XEU4QAO4Rg8uIAa3EAdGsBAwRO8wKtjnGfnzXmftxacfGYffsH5+AZqo5DE</latexit>

Ncp

<latexit sha1_base64="KzUJNtuDauWoNjohFz9Xr8YU2q8=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBZIx9HR6kiY9i901wTDMd3jxoIhXP8abf2MnmYMmPih4vFdFVT0vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+ho0QxXmeRjFTLo5pLEfI6CpS8FStOA0/ypje8mfjNEVdaROE9jmPuBrQfCl8wikZyxUPaQf6EKQ6yrFsq2xV7CrJInJyUIUetW/rq9CKWBDxEJqnWbceO0U2pQsEkz4qdRPOYsiHt87ahIQ24dtPp0Rk5NkqP+JEyFSKZqr8nUhpoPQ480xlQHOh5byL+57UT9K/cVIRxgjxks0V+IglGZJIA6QnFGcqxIZQpYW4lbEAVZWhyKpoQnPmXF0njtOJcVM7vzsrV6zyOAhzCEZyAA5dQhVuoQR0YPMIzvMKbNbJerHfrY9a6ZOUzB/AH1ucPtT+Sug==</latexit>

ith
<latexit sha1_base64="9In6U7KpK4uWGsudI2dOExCOuoQ=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiQpUgXscKLhyLRB9SGyrHdVqrjhPZG6AK+RQuHECIK1/Cjb/BbXOAlpFWGs3sanfHjwXX4Djf1sLi0vLKamGtuL6xubVtl3YaOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1dhv3jOleSRvYRQzLyR9yQNOCRipa5dSfuRmd2kH2COkMMiyrl12Ks4EeJ64OSmjHLWu/dXpRTQJmQQqiNZt14nBS4kCTgXLip1Es5jQIemztqGShEx76eT0DB8YpYeDSJmSgCfq74mUhFqPQt90hgQGetYbi/957QSCCy/lMk6ASTpdFCQCQ4THOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdfXmeNI4r7lnl9OakXL3M4yigPbSPDpGLzlEVXaMaqiOKHtAzekVv1pP1Yr1bH9PWBSuf2UV/YH3+ANttlGk=</latexit>

i � 1th

<latexit sha1_base64="9In6U7KpK4uWGsudI2dOExCOuoQ=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiQpUgXscKLhyLRB9SGyrHdVqrjhPZG6AK+RQuHECIK1/Cjb/BbXOAlpFWGs3sanfHjwXX4Djf1sLi0vLKamGtuL6xubVtl3YaOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1dhv3jOleSRvYRQzLyR9yQNOCRipa5dSfuRmd2kH2COkMMiyrl12Ks4EeJ64OSmjHLWu/dXpRTQJmQQqiNZt14nBS4kCTgXLip1Es5jQIemztqGShEx76eT0DB8YpYeDSJmSgCfq74mUhFqPQt90hgQGetYbi/957QSCCy/lMk6ASTpdFCQCQ4THOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdfXmeNI4r7lnl9OakXL3M4yigPbSPDpGLzlEVXaMaqiOKHtAzekVv1pP1Yr1bH9PWBSuf2UV/YH3+ANttlGk=</latexit>

i � 1th

<latexit sha1_base64="9In6U7KpK4uWGsudI2dOExCOuoQ=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiQpUgXscKLhyLRB9SGyrHdVqrjhPZG6AK+RQuHECIK1/Cjb/BbXOAlpFWGs3sanfHjwXX4Djf1sLi0vLKamGtuL6xubVtl3YaOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1dhv3jOleSRvYRQzLyR9yQNOCRipa5dSfuRmd2kH2COkMMiyrl12Ks4EeJ64OSmjHLWu/dXpRTQJmQQqiNZt14nBS4kCTgXLip1Es5jQIemztqGShEx76eT0DB8YpYeDSJmSgCfq74mUhFqPQt90hgQGetYbi/957QSCCy/lMk6ASTpdFCQCQ4THOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdfXmeNI4r7lnl9OakXL3M4yigPbSPDpGLzlEVXaMaqiOKHtAzekVv1pP1Yr1bH9PWBSuf2UV/YH3+ANttlGk=</latexit>

i � 1th

<latexit sha1_base64="KzUJNtuDauWoNjohFz9Xr8YU2q8=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBZIx9HR6kiY9i901wTDMd3jxoIhXP8abf2MnmYMmPih4vFdFVT0vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+ho0QxXmeRjFTLo5pLEfI6CpS8FStOA0/ypje8mfjNEVdaROE9jmPuBrQfCl8wikZyxUPaQf6EKQ6yrFsq2xV7CrJInJyUIUetW/rq9CKWBDxEJqnWbceO0U2pQsEkz4qdRPOYsiHt87ahIQ24dtPp0Rk5NkqP+JEyFSKZqr8nUhpoPQ480xlQHOh5byL+57UT9K/cVIRxgjxks0V+IglGZJIA6QnFGcqxIZQpYW4lbEAVZWhyKpoQnPmXF0njtOJcVM7vzsrV6zyOAhzCEZyAA5dQhVuoQR0YPMIzvMKbNbJerHfrY9a6ZOUzB/AH1ucPtT+Sug==</latexit>

ith

<latexit sha1_base64="KzUJNtuDauWoNjohFz9Xr8YU2q8=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBZIx9HR6kiY9i901wTDMd3jxoIhXP8abf2MnmYMmPih4vFdFVT0vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+ho0QxXmeRjFTLo5pLEfI6CpS8FStOA0/ypje8mfjNEVdaROE9jmPuBrQfCl8wikZyxUPaQf6EKQ6yrFsq2xV7CrJInJyUIUetW/rq9CKWBDxEJqnWbceO0U2pQsEkz4qdRPOYsiHt87ahIQ24dtPp0Rk5NkqP+JEyFSKZqr8nUhpoPQ480xlQHOh5byL+57UT9K/cVIRxgjxks0V+IglGZJIA6QnFGcqxIZQpYW4lbEAVZWhyKpoQnPmXF0njtOJcVM7vzsrV6zyOAhzCEZyAA5dQhVuoQR0YPMIzvMKbNbJerHfrY9a6ZOUzB/AH1ucPtT+Sug==</latexit>

ith

<latexit sha1_base64="LqUj+8WnrmrcESrxpaEF5n255R8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgyK4DGCWSAZQk+nJmnSs9hdEwzDfIcXD4p49WO8+Td2kjlo9EHB470qqup5sRQabfvLKiwtr6yuFddLG5tb2zvl3b2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaPrqd8ag9IiCu9xEoMbsEEofMEZGsntIjxi2rjJeqmT9coVu2rPQP8SJycVkqPeK392+xFPAgiRS6Z1x7FjdFOmUHAJWambaIgZH7EBdAwNWQDaTWdHZ/TIKH3qR8pUiHSm/pxIWaD1JPBMZ8BwqBe9qfif10nQv3RTEcYJQsjni/xEUozoNAHaFwo4yokhjCthbqV8yBTjaHIqmRCcxZf/kuZJ1Tmvnt2dVmpXeRxFckAOyTFxyAWpkVtSJw3CyQN5Ii/k1Rpbz9ab9T5vLVj5zD75BevjG/zCkkE=</latexit>

UE1

<latexit sha1_base64="NOMCTjSTCr4O0EhXxxANa+P9yzs=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0mKX+ClIILHCqYttKFstpt26WYTdyfFEvI7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD8WXINtf1uFldW19Y3iZmlre2d3r7x/0NRRoihzaSQi1faJZoJL5gIHwdqxYiT0BWv5o5up3xozpXkkH2ASMy8kA8kDTgkYyesCe4LUvc16aS3rlSt21Z4BLxMnJxWUo9Erf3X7EU1CJoEKonXHsWPwUqKAU8GyUjfRLCZ0RAasY6gkIdNeOjs6wydG6eMgUqYk4Jn6eyIlodaT0DedIYGhXvSm4n9eJ4Hgyku5jBNgks4XBYnAEOFpArjPFaMgJoYQqri5FdMhUYSCyalkQnAWX14mzVrVuaie359V6td5HEV0hI7RKXLQJaqjO9RALqLoET2jV/Rmja0X6936mLcWrHzmEP2B9fkD/CySOw==</latexit>

UE2

<latexit sha1_base64="0H63HPflFWsEK33heLA50so4Xt8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0n8Bi8FETxWMG2hDWWz3bRLN5u4OymWkN/hxYMiXv0x3vw3btsctPXBwOO9GWbm+bHgGmz72yosLa+srhXXSxubW9s75d29ho4SRZlLIxGplk80E1wyFzgI1ooVI6EvWNMf3kz85ogpzSP5AOOYeSHpSx5wSsBIXgfYE6TubdZNT7NuuWJX7SnwInFyUkE56t3yV6cX0SRkEqggWrcdOwYvJQo4FSwrdRLNYkKHpM/ahkoSMu2l06MzfGSUHg4iZUoCnqq/J1ISaj0OfdMZEhjoeW8i/ue1EwiuvJTLOAEm6WxRkAgMEZ4kgHtcMQpibAihiptbMR0QRSiYnEomBGf+5UXSOKk6F9Xz+7NK7TqPo4gO0CE6Rg66RDV0h+rIRRQ9omf0it6skfVivVsfs9aClc/soz+wPn8A/bGSPA==</latexit>

UE3

<latexit sha1_base64="fKiJedtcftvYBePYbxg/Wan4o48=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKL/AS8OIxgnlIsoTZyWwyZGZ2mekVwpKv8OJBEa9+jjf/xkmyB00saCiquunuChPBDXret1NYWV1b3yhulra2d3b3yvsHTROnmrIGjUWs2yExTHDFGshRsHaiGZGhYK1wdDv1W09MGx6rBxwnLJBkoHjEKUErPXaRpL1M+pNeueJVvRncZeLnpAI56r3yV7cf01QyhVQQYzq+l2CQEY2cCjYpdVPDEkJHZMA6lioimQmy2cET98QqfTeKtS2F7kz9PZERacxYhrZTEhyaRW8q/ud1Uoyug4yrJEWm6HxRlAoXY3f6vdvnmlEUY0sI1dze6tIh0YSizahkQ/AXX14mzbOqf1m9uD+v1G7yOIpwBMdwCj5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AN6vkHI=</latexit>⌧m1

<latexit sha1_base64="GErKaan7WwiIx3UivXNq0ho4Z1A=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hd3gC7wEvHiMYB6SLGF2MpsMmZldZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7wkRwg5737aysrq1vbBa2its7u3v7pYPDpolTTVmDxiLW7ZAYJrhiDeQoWDvRjMhQsFY4up36rSemDY/VA44TFkgyUDzilKCVHrtI0l4mq5NeqexVvBncZeLnpAw56r3SV7cf01QyhVQQYzq+l2CQEY2cCjYpdlPDEkJHZMA6lioimQmy2cET99QqfTeKtS2F7kz9PZERacxYhrZTEhyaRW8q/ud1Uoyug4yrJEWm6HxRlAoXY3f6vdvnmlEUY0sI1dze6tIh0YSizahoQ/AXX14mzWrFv6xc3J+Xazd5HAU4hhM4Ax+uoAZ3UIcGUJDwDK/w5mjnxXl3PuatK04+cwR/4Hz+AOA0kHM=</latexit>⌧m2

<latexit sha1_base64="GKRPmPdaAFvgvdevM3ae3GCkyYE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKez6Bi8BLx4jmIckS5idzCZDZmaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXmAhu0PO+nMLS8srqWnG9tLG5tb1T3t1rmjjVlDVoLGLdDolhgivWQI6CtRPNiAwFa4Wjm6nfemTa8Fjd4zhhgSQDxSNOCVrpoYsk7WXydNIrV7yqN4P7l/g5qUCOeq/82e3HNJVMIRXEmI7vJRhkRCOngk1K3dSwhNARGbCOpYpIZoJsdvDEPbJK341ibUuhO1N/TmREGjOWoe2UBIdm0ZuK/3mdFKOrIOMqSZEpOl8UpcLF2J1+7/a5ZhTF2BJCNbe3unRINKFoMyrZEPzFl/+S5knVv6ie351Vatd5HEU4gEM4Bh8uoQa3UIcGUJDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AeG5kHQ=</latexit>⌧m3 <latexit sha1_base64="kf3791Q7UslMBd3djCl1hfJSxIo=">AAACCXicbVC5TgMxEPVyhnAFKGksAhIN0S7iKiPRQBcEOaQkirzObGLF613Zs4holZaGX6GhACFa/oCOv8E5Ckh4kqXn92Y0M8+PpTDout/O3PzC4tJyZiW7ura+sZnb2q6YKNEcyjySka75zIAUCsooUEIt1sBCX0LV710O/eo9aCMidYf9GJoh6ygRCM7QSq0cbSA8YHqtEPTRbT/0I0lHnwA0KA6DVi7vFtwR6CzxJiRPJii1cl+NdsSTEBRyyYype26MzZRpFFzCINtIDMSM91gH6pYqFoJppqNLBvTAKm0aRNo+hXSk/u5IWWiM3dJWhgy7Ztobiv959QSDi2YqVJygPWs8KEgkxYgOY6FtoYGj7FvCuBZ2V8q7TDNuozBZG4I3ffIsqRwXvLPC6c1Jvrg/iSNDdskeOSQeOSdFckVKpEw4eSTP5JW8OU/Oi/PufIxL55xJzw75A+fzByyjmo8=</latexit>

Inter-Symbol Interference
<latexit sha1_base64="/NlGxKOH1DWyALZks7YEjX60j2A=">AAACFXicbVDLSsNAFJ3UV62vqEs3wWpxoSURX8uCG90pWFtoSplMb+rQySTM3Igl9Cfc+CtuXCjiVnDn3zitXdTWAwOHc+7lzjlBIrhG1/22cjOzc/ML+cXC0vLK6pq9vnGr41QxqLJYxKoeUA2CS6giRwH1RAGNAgG1oHs+8Gv3oDSP5Q32EmhGtCN5yBlFI7Xs/ZKP8IDZpURQB+dUKQ6q7/ulwpgeggLJoN+yi27ZHcKZJt6IFMkIVy37y2/HLI1AIhNU64bnJtjMqELOBPQLfqohoaxLO9AwVNIIdDMbpuo7u0ZpO2GszJPoDNXxjYxGWveiwExGFO/0pDcQ//MaKYZnzYzLJEUT6/dQmAoHY2dQkdPmChiKniGUKW7+6rA7qigzVeiCKcGbjDxNbg/L3kn5+PqoWNkZ1ZEnW2Sb7BGPnJIKuSBXpEoYeSTP5JW8WU/Wi/VuffyO5qzRzib5A+vzByW0n2A=</latexit>

Inter-Carrier

Interference

Key Observation
CF-MIMO systems can not be synchronous!
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Uplink Synchronization

<latexit sha1_base64="w0117TeTBaiJI1eoc4HN3rVi7pM=">AAAB8XicbVBNT8JAEJ3iF+IX6tFLIzHhRFrj15GEi0dMLBChIdtlCxu222Z3aiQN/8KLB43x6r/x5r9xgR4UfMkkL+/NZGZekAiu0XG+rcLa+sbmVnG7tLO7t39QPjxq6ThVlHk0FrHqBEQzwSXzkKNgnUQxEgWCtYNxY+a3H5nSPJb3OEmYH5Gh5CGnBI300EP2hFmj6U375YpTc+awV4mbkwrkaPbLX71BTNOISaSCaN11nQT9jCjkVLBpqZdqlhA6JkPWNVSSiGk/m188tc+MMrDDWJmSaM/V3xMZibSeRIHpjAiO9LI3E//zuimGN37GZZIik3SxKEyFjbE9e98ecMUoiokhhCpubrXpiChC0YRUMiG4yy+vktZ5zb2qXd5dVOrVPI4inMApVMGFa6jDLTTBAwoSnuEV3ixtvVjv1seitWDlM8fwB9bnD5xdkM8=</latexit>

CPU

<latexit sha1_base64="jP6yeQsC6c9zJLIFL2aDHRDAyvs=">AAAB/3icbVDJSgNBEK1xjXEbFbx4aQxCLoYZcTsGvXiMYBZIQujp9CRNeha6a8Qw5uCvePGgiFd/w5t/YyeZgyY+aHi8V9VV9bxYCo2O820tLC4tr6zm1vLrG5tb2/bObk1HiWK8yiIZqYZHNZci5FUUKHkjVpwGnuR1b3A99uv3XGkRhXc4jHk7oL1Q+IJRNFLH3m8hf8D0irLBcZ8mkpiPBnrUsQtOyZmAzBM3IwXIUOnYX61uxJKAh8gk1brpOjG2U6pQMMlH+VaieWyG0B5vGhrSgOt2Otl/RI6M0iV+pMwLkUzU3x0pDbQeBp6pDCj29aw3Fv/zmgn6l+1UhHGCPGTTQb45EiMyDoN0heIM5dAQypQwuxLWp4oyNJHlTQju7MnzpHZScs9LZ7enhXIxiyMHB3AIRXDhAspwAxWoAoNHeIZXeLOerBfr3fqYli5YWc8e/IH1+QMdcZYZ</latexit>

Back-haul links
<latexit sha1_base64="SA8EFCCoNLlqK4Nwe4o5b978zZA="></latexit>

Normalized delay between mth AP and kth UE
<latexit sha1_base64="py9Sx24Im0nr0dvGHU3+EWnCmjQ=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi8cIJkaSJcxOJsmQmdllplcIS77CiwdFvPo53vwbJ8keNLGgoajqprsrSqSw6PvfXmFldW19o7hZ2tre2d0r7x80bZwaxhsslrFpRdRyKTRvoEDJW4nhVEWSP0Sjm6n/8MSNFbG+x3HCQ0UHWvQFo+ikxw7StJup0aRbrvhVfwayTIKcVCBHvVv+6vRiliqukUlqbTvwEwwzalAwySelTmp5QtmIDnjbUU0Vt2E2O3hCTpzSI/3YuNJIZurviYwqa8cqcp2K4tAuelPxP6+dYv86zIROUuSazRf1U0kwJtPvSU8YzlCOHaHMCHcrYUNqKEOXUcmFECy+vEyaZ9Xgsnpxd16pBXkcRTiCYziFAK6gBrdQhwYwUPAMr/DmGe/Fe/c+5q0FL585hD/wPn8AM96Qog==</latexit>⌧mk

<latexit sha1_base64="6aeTRIPv0aAFOcSWNqJ7+zU82Dw=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlSBuYxELY5HoRWpD5bhua9VxIvsEUUVZeBUWBhBi5THYeBvcNgO0/JKlT/85R8fn9yPBNTjOt5VbWFxaXsmvFtbWNza37O2dug5jRVmNhiJUTZ9oJrhkNeAgWDNSjAS+YA1/eD2uNx6Y0jyUdzCKmBeQvuQ9TgkYq2PvtYE9QlJy76egIS3hq2rasYtO2ZkIz4ObQRFlqnbsr3Y3pHHAJFBBtG65TgReQhRwKlhaaMeaRYQOSZ+1DEoSMO0lkwNSfGicLu6FyjwJeOL+nkhIoPUo8E1nQGCgZ2tj879aK4bepZdwGcXAJJ0u6sUCQ4jHaeAuV4yCGBkgVHHzV0wHRBEKJrOCCcGdPXke6idl97x8dntarBxnceTRPjpAR8hFF6iCblAV1RBFKXpGr+jNerJerHfrY9qas7KZXfRH1ucPSf6WJg==</latexit>

1st AP

<latexit sha1_base64="fkj6L2sfD4/DOxt8Ke0riFPnxk0=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlVTcxiIWxiLRi9SGynHd1qrjRPYJooqy8CosDCDEymOw8Ta4bQYo/JKlT/85R8fn9yPBNTjOl5VbWFxaXsmvFtbWNza37O2dhg5jRVmdhiJULZ9oJrhkdeAgWCtSjAS+YE1/dDWpN++Z0jyUtzCOmBeQgeR9TgkYq2vvdYA9QFKq3M1A9tISvqylXbvolJ2p8F9wMyiiTLWu/dnphTQOmAQqiNZt14nAS4gCTgVLC51Ys4jQERmwtkFJAqa9ZHpAig+N08P9UJknAU/dnxMJCbQeB77pDAgM9XxtYv5Xa8fQv/ASLqMYmKSzRf1YYAjxJA3c44pREGMDhCpu/orpkChCwWRWMCG48yf/hUal7J6VT29OitXjLI482kcH6Ai56BxV0TWqoTqiKEVP6AW9Wo/Ws/Vmvc9ac1Y2s4t+yfr4Bis6lhI=</latexit>

2nd AP

<latexit sha1_base64="59lQSVjcvMyXaerslCfwTHgG1qU=">AAACAHicbZC7TsMwFIadcivlFmBgYLFokRhQlXAfi1gYi0QvUhsqx3Faq85F9gmiirLwKiwMIMTKY7DxNrhtBij8kqVP/zlHx+d3Y8EVWNaXUZibX1hcKi6XVlbX1jfMza2mihJJWYNGIpJtlygmeMgawEGwdiwZCVzBWu7walxv3TOpeBTewihmTkD6Ifc5JaCtnrnTBfYAaeX4bgrSyyr4sp71zLJVtSbCf8HOoYxy1XvmZ9eLaBKwEKggSnVsKwYnJRI4FSwrdRPFYkKHpM86GkMSMOWkkwMyvK8dD/uR1C8EPHF/TqQkUGoUuLozIDBQs7Wx+V+tk4B/4aQ8jBNgIZ0u8hOBIcLjNLDHJaMgRhoIlVz/FdMBkYSCzqykQ7BnT/4LzaOqfVY9vTkp1w7zOIpoF+2hA2Sjc1RD16iOGoiiDD2hF/RqPBrPxpvxPm0tGPnMNvol4+MbMvmWFw==</latexit>

3rd AP

<latexit sha1_base64="DhnscqBhvblElsM3BS7XwuLQymc=">AAAB+HicbVDJSgNBEO1xjXHJqEcvjYngQcKMuB0jXjxGMAskQ+jp9CRNunuG7hoxDvkSLx4U8eqnePNv7CwHTXxQ8Hiviqp6YSK4Ac/7dpaWV1bX1nMb+c2t7Z2Cu7tXN3GqKavRWMS6GRLDBFesBhwEayaaERkK1ggHN2O/8cC04bG6h2HCAkl6ikecErBSxy20gT1CVpIl6OPr6qjjFr2yNwFeJP6MFNEM1Y771e7GNJVMARXEmJbvJRBkRAOngo3y7dSwhNAB6bGWpYpIZoJscvgIH1mli6NY21KAJ+rviYxIY4YytJ2SQN/Me2PxP6+VQnQVZFwlKTBFp4uiVGCI8TgF3OWaURBDSwjV3N6KaZ9oQsFmlbch+PMvL5L6adm/KJ/fnRUrJ7M4cugAHaJj5KNLVEG3qIpqiKIUPaNX9OY8OS/Ou/MxbV1yZjP76A+czx/wFJKQ</latexit>

mth AP

<latexit sha1_base64="SVVxotGy4ias+D8kSWSzFYmeFkk=">AAAB+HicbVDLTsJAFJ3iC/FB1aWbiWDiwpDW4GOJceMSE3kk0JDpMIUJ02kzc2vEhi9x40Jj3Pop7vwbB+hCwZPc5OSce3PvPX4suAbH+bZyK6tr6xv5zcLW9s5u0d7bb+ooUZQ1aCQi1faJZoJL1gAOgrVjxUjoC9byRzdTv/XAlOaRvIdxzLyQDCQPOCVgpJ5d7AJ7hLRcLcMQX9cnPbvkVJwZ8DJxM1JCGeo9+6vbj2gSMglUEK07rhODlxIFnAo2KXQTzWJCR2TAOoZKEjLtpbPDJ/jYKH0cRMqUBDxTf0+kJNR6HPqmMyQw1IveVPzP6yQQXHkpl3ECTNL5oiARGCI8TQH3uWIUxNgQQhU3t2I6JIpQMFkVTAju4svLpHlWcS8q53fVUu00iyOPDtEROkEuukQ1dIvqqIEoStAzekVv1pP1Yr1bH/PWnJXNHKA/sD5/AJghklc=</latexit>

4th AP

<latexit sha1_base64="wsV+Fhc/S1rATx/pckUCjGguQyg=">AAAB+HicbVBNS8NAEN34WetHox69LLaCBymJ+HUsiOCxgmkLbSib7aZdutmE3YlYQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFySCa3Ccb2tpeWV1bb2wUdzc2t4p2bt7DR2nijKPxiJWrYBoJrhkHnAQrJUoRqJAsGYwvJ74zQemNI/lPYwS5kekL3nIKQEjde1SB9gjZJVhBQbYuxl37bJTdabAi8TNSRnlqHftr04vpmnEJFBBtG67TgJ+RhRwKti42Ek1Swgdkj5rGypJxLSfTQ8f4yOj9HAYK1MS8FT9PZGRSOtRFJjOiMBAz3sT8T+vnUJ45WdcJikwSWeLwlRgiPEkBdzjilEQI0MIVdzciumAKELBZFU0IbjzLy+SxmnVvaie352Vayd5HAV0gA7RMXLRJaqhW1RHHqIoRc/oFb1ZT9aL9W59zFqXrHxmH/2B9fkD+r+Slw==</latexit>

kth UE
<latexit sha1_base64="QmsfQ8REKDKVRpB7qgNXSFWMmZ8=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvHiMYB6SLGF2MpsMmZ1dZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVA44T7kd0oEQoGEUrPXaRpr3MG0165YpbdWcgy8TLSQVy1Hvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWKpoxI2fzQ6ekBOr9EkYa1sKyUz9PZHRyJhxFNjOiOLQLHpT8T+vk2J442dCJSlyxeaLwlQSjMn0e9IXmjOUY0so08LeStiQasrQZlSyIXiLLy+T5nnVu6pe3l9Uamd5HEU4gmM4BQ+uoQZ3UIcGMIjgGV7hzdHOi/PufMxbC04+cwh/4Hz+ANbmkGE=</latexit>⌧1k

<latexit sha1_base64="NiLn7g576T0I1QWiMowyFOY0Lrs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8SNgNvo4BLx4jmIckS5idzCZDZmaXmV4hLPkKLx4U8ernePNvnCR70MSChqKqm+6uMBHcoOd9Oyura+sbm4Wt4vbO7t5+6eCwaeJUU9agsYh1OySGCa5YAzkK1k40IzIUrBWObqd+64lpw2P1gOOEBZIMFI84JWilxy6StJdVR5NeqexVvBncZeLnpAw56r3SV7cf01QyhVQQYzq+l2CQEY2cCjYpdlPDEkJHZMA6lioimQmy2cET99QqfTeKtS2F7kz9PZERacxYhrZTEhyaRW8q/ud1UoxugoyrJEWm6HxRlAoXY3f6vdvnmlEUY0sI1dze6tIh0YSizahoQ/AXX14mzWrFv6pc3l+Ua+d5HAU4hhM4Ax+uoQZ3UIcGUJDwDK/w5mjnxXl3PuatK04+cwR/4Hz+ANhskGI=</latexit>⌧2k

<latexit sha1_base64="xVMzQnvcfzCkSzYvlq7jrqwsXIQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8SNj1fQx48RjBPCRZwuxkNhkyM7vM9AphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHeFieAGPe/bWVpeWV1bL2wUN7e2d3ZLe/sNE6easjqNRaxbITFMcMXqyFGwVqIZkaFgzXB4O/GbT0wbHqsHHCUskKSveMQpQSs9dpCk3ex8OO6Wyl7Fm8JdJH5OypCj1i19dXoxTSVTSAUxpu17CQYZ0cipYONiJzUsIXRI+qxtqSKSmSCbHjx2j63Sc6NY21LoTtXfExmRxoxkaDslwYGZ9ybif147xegmyLhKUmSKzhZFqXAxdiffuz2uGUUxsoRQze2tLh0QTSjajIo2BH/+5UXSOKv4V5XL+4ty9TSPowCHcAQn4MM1VOEOalAHChKe4RXeHO28OO/Ox6x1yclnDuAPnM8f2fKQYw==</latexit>⌧3k

<latexit sha1_base64="iU2owfraJ44e+doUAh6j5zV4gUQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8SNiV+DgGvHiMYB6SLGF2MpsMmZ1dZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrBxwn3I/oQIlQMIpWeuwiTXtZdTTplcpuxZ2BLBMvJ2XIUe+Vvrr9mKURV8gkNabjuQn6GdUomOSTYjc1PKFsRAe8Y6miETd+Njt4Qk6t0idhrG0pJDP190RGI2PGUWA7I4pDs+hNxf+8TorhjZ8JlaTIFZsvClNJMCbT70lfaM5Qji2hTAt7K2FDqilDm1HRhuAtvrxMmhcV76pyeV8t187zOApwDCdwBh5cQw3uoA4NYBDBM7zCm6OdF+fd+Zi3rjj5zBH8gfP5A9t4kGQ=</latexit>⌧4k
<latexit sha1_base64="QvbQThXeyp+S57EcVeaBSQNSBhg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgQcKu+DoGvHiMYB6SLGF2MpsMmdldZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANlyLiDRQoeTvRnKpA8lYwup36rSeujYijBxwn3Fd0EIlQMIpWeuwiTXuZGk165YpbdWcgy8TLSQVy1Hvlr24/ZqniETJJjel4boJ+RjUKJvmk1E0NTygb0QHvWBpRxY2fzQ6ekBOr9EkYa1sRkpn6eyKjypixCmynojg0i95U/M/rpBje+JmIkhR5xOaLwlQSjMn0e9IXmjOUY0so08LeStiQasrQZlSyIXiLLy+T5nnVu6pe3l9Uamd5HEU4gmM4BQ+uoQZ3UIcGMFDwDK/w5mjnxXl3PuatBSefOYQ/cD5/ADJdkJ0=</latexit>⌧mk

:

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP <latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP
<latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="2Qrze0o44wN3hcQZvt0Cj07f/oM=">AAAB8nicbVDLSsNAFJ3UV62vqks3wSK4Kon4Wha7cVnBPiANZTKdtEPnEWZuhBL6GW5cKOLWr3Hn3zhps9DWAwOHc+5lzj1RwpkBz/t2SmvrG5tb5e3Kzu7e/kH18KhjVKoJbRPFle5F2FDOJG0DA057iaZYRJx2o0kz97tPVBum5CNMExoKPJIsZgSDlYK+wDDWImu2ZoNqzat7c7irxC9IDRVoDapf/aEiqaASCMfGBL6XQJhhDYxwOqv0U0MTTCZ4RANLJRbUhNk88sw9s8rQjZW2T4I7V39vZFgYMxWRncwjmmUvF//zghTi2zBjMkmBSrL4KE65C8rN73eHTFMCfGoJJprZrC4ZY40J2JYqtgR/+eRV0rmo+9f1q4fLWuOuqKOMTtApOkc+ukENdI9aqI0IUugZvaI3B5wX5935WIyWnGLnGP2B8/kDdVmRYg==</latexit>

CP
<latexit sha1_base64="hN8Y8xlriezlPM0wGbDcAR/KcY0=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjvpZFRdyIFe0D2qFk0kwbmkmGJCPUoforblwo4tb/cOffmGlnoa0HAodz7uWeHD9iVGnH+bZyM7Nz8wv5xcLS8srqmr2+UVMilphUsWBCNnykCKOcVDXVjDQiSVDoM1L3+2epX78nUlHB7/QgIl6IupwGFCNtpLa91QqR7skwub44v3q8HYS+YMO2XXRKzghwmrgZKYIMlbb91eoIHIeEa8yQUk3XibSXIKkpZmRYaMWKRAj3UZc0DeUoJMpLRumHcNcoHRgIaR7XcKT+3khQqJQJZibTrGrSS8X/vGasgxMvoTyKNeF4fCiIGdQCplXADpUEazYwBGFJTVaIe0girE1hBVOCO/nlaVLbL7lHpcObg2L5NKsjD7bBDtgDLjgGZXAJKqAKMHgAz+AVvFlP1ov1bn2MR3NWtrMJ/sD6/AHICpV0</latexit>

OFDM Symbol

<latexit sha1_base64="bJidQt9BBCsYiH5JTC8d4yLj6qM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJYB6SLGF2MpsMmZ1dZnqFsOQrvHhQxKuf482/cZLsQaMFDUVVN91dQSKFQdf9cgpLyyura8X10sbm1vZOeXevaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXU/91iPXRsTqHscJ9yM6UCIUjKKVHm57WReRmEmvXHGr7gzkL/FyUoEc9V75s9uPWRpxhUxSYzqem6CfUY2CST4pdVPDE8pGdMA7lioaceNns4Mn5MgqfRLG2pZCMlN/TmQ0MmYcBbYzojg0i95U/M/rpBhe+plQSYpcsfmiMJUEYzL9nvSF5gzl2BLKtLC3EjakmjK0GZVsCN7iy39J86TqnVfP7k4rtas8jiIcwCEcgwcXUIMbqEMDGETwBC/w6mjn2Xlz3uetBSef2YdfcD6+AbDRkFo=</latexit>

Ns

<latexit sha1_base64="33RbtxoQ2zphL1IvkMQEHX02TuM=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQiyeJYB6YLGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOJvsQaMFDUVVN91dQSyFQdf9cgpLyyura8X10sbm1vZOeXevaaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsYX2d+65FrIyJ1j5OY+yEdKjEQjKKVHm57aReRsHjaK1fcqjsD+Uu8nFQgR71X/uz2I5aEXCGT1JiO58bop1SjYJJPS93E8JiyMR3yjqWKhtz46eziKTmySp8MIm1L2f2Z+nMipaExkzCwnSHFkVn0MvE/r5Pg4NJPhYoT5IrNFw0SSTAi2fukLzRnKCeWUKaFvZWwEdWUoQ2pZEPwFl/+S5onVe+8enZ3Wqld5XEU4QAO4Rg8uIAa3EAdGsBAwRO8wKtjnGfnzXmftxacfGYffsH5+AZqo5DE</latexit>

Ncp

<latexit sha1_base64="KzUJNtuDauWoNjohFz9Xr8YU2q8=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBZIx9HR6kiY9i901wTDMd3jxoIhXP8abf2MnmYMmPih4vFdFVT0vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+ho0QxXmeRjFTLo5pLEfI6CpS8FStOA0/ypje8mfjNEVdaROE9jmPuBrQfCl8wikZyxUPaQf6EKQ6yrFsq2xV7CrJInJyUIUetW/rq9CKWBDxEJqnWbceO0U2pQsEkz4qdRPOYsiHt87ahIQ24dtPp0Rk5NkqP+JEyFSKZqr8nUhpoPQ480xlQHOh5byL+57UT9K/cVIRxgjxks0V+IglGZJIA6QnFGcqxIZQpYW4lbEAVZWhyKpoQnPmXF0njtOJcVM7vzsrV6zyOAhzCEZyAA5dQhVuoQR0YPMIzvMKbNbJerHfrY9a6ZOUzB/AH1ucPtT+Sug==</latexit>

ith
<latexit sha1_base64="9In6U7KpK4uWGsudI2dOExCOuoQ=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiQpUgXscKLhyLRB9SGyrHdVqrjhPZG6AK+RQuHECIK1/Cjb/BbXOAlpFWGs3sanfHjwXX4Djf1sLi0vLKamGtuL6xubVtl3YaOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1dhv3jOleSRvYRQzLyR9yQNOCRipa5dSfuRmd2kH2COkMMiyrl12Ks4EeJ64OSmjHLWu/dXpRTQJmQQqiNZt14nBS4kCTgXLip1Es5jQIemztqGShEx76eT0DB8YpYeDSJmSgCfq74mUhFqPQt90hgQGetYbi/957QSCCy/lMk6ASTpdFCQCQ4THOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdfXmeNI4r7lnl9OakXL3M4yigPbSPDpGLzlEVXaMaqiOKHtAzekVv1pP1Yr1bH9PWBSuf2UV/YH3+ANttlGk=</latexit>

i � 1th

<latexit sha1_base64="9In6U7KpK4uWGsudI2dOExCOuoQ=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiQpUgXscKLhyLRB9SGyrHdVqrjhPZG6AK+RQuHECIK1/Cjb/BbXOAlpFWGs3sanfHjwXX4Djf1sLi0vLKamGtuL6xubVtl3YaOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1dhv3jOleSRvYRQzLyR9yQNOCRipa5dSfuRmd2kH2COkMMiyrl12Ks4EeJ64OSmjHLWu/dXpRTQJmQQqiNZt14nBS4kCTgXLip1Es5jQIemztqGShEx76eT0DB8YpYeDSJmSgCfq74mUhFqPQt90hgQGetYbi/957QSCCy/lMk6ASTpdFCQCQ4THOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdfXmeNI4r7lnl9OakXL3M4yigPbSPDpGLzlEVXaMaqiOKHtAzekVv1pP1Yr1bH9PWBSuf2UV/YH3+ANttlGk=</latexit>

i � 1th

<latexit sha1_base64="9In6U7KpK4uWGsudI2dOExCOuoQ=">AAAB+nicbVDLTsMwEHR4lvJK4cjFokLiQpUgXscKLhyLRB9SGyrHdVqrjhPZG6AK+RQuHECIK1/Cjb/BbXOAlpFWGs3sanfHjwXX4Djf1sLi0vLKamGtuL6xubVtl3YaOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3h1dhv3jOleSRvYRQzLyR9yQNOCRipa5dSfuRmd2kH2COkMMiyrl12Ks4EeJ64OSmjHLWu/dXpRTQJmQQqiNZt14nBS4kCTgXLip1Es5jQIemztqGShEx76eT0DB8YpYeDSJmSgCfq74mUhFqPQt90hgQGetYbi/957QSCCy/lMk6ASTpdFCQCQ4THOeAeV4yCGBlCqOLmVkwHRBEKJq2iCcGdfXmeNI4r7lnl9OakXL3M4yigPbSPDpGLzlEVXaMaqiOKHtAzekVv1pP1Yr1bH9PWBSuf2UV/YH3+ANttlGk=</latexit>

i � 1th

<latexit sha1_base64="KzUJNtuDauWoNjohFz9Xr8YU2q8=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBZIx9HR6kiY9i901wTDMd3jxoIhXP8abf2MnmYMmPih4vFdFVT0vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+ho0QxXmeRjFTLo5pLEfI6CpS8FStOA0/ypje8mfjNEVdaROE9jmPuBrQfCl8wikZyxUPaQf6EKQ6yrFsq2xV7CrJInJyUIUetW/rq9CKWBDxEJqnWbceO0U2pQsEkz4qdRPOYsiHt87ahIQ24dtPp0Rk5NkqP+JEyFSKZqr8nUhpoPQ480xlQHOh5byL+57UT9K/cVIRxgjxks0V+IglGZJIA6QnFGcqxIZQpYW4lbEAVZWhyKpoQnPmXF0njtOJcVM7vzsrV6zyOAhzCEZyAA5dQhVuoQR0YPMIzvMKbNbJerHfrY9a6ZOUzB/AH1ucPtT+Sug==</latexit>

ith

<latexit sha1_base64="KzUJNtuDauWoNjohFz9Xr8YU2q8=">AAAB9HicbVDJSgNBEK1xjXGLevTSGARPYUbcjkEvHiOYBZIx9HR6kiY9i901wTDMd3jxoIhXP8abf2MnmYMmPih4vFdFVT0vlkKjbX9bS8srq2vrhY3i5tb2zm5pb7+ho0QxXmeRjFTLo5pLEfI6CpS8FStOA0/ypje8mfjNEVdaROE9jmPuBrQfCl8wikZyxUPaQf6EKQ6yrFsq2xV7CrJInJyUIUetW/rq9CKWBDxEJqnWbceO0U2pQsEkz4qdRPOYsiHt87ahIQ24dtPp0Rk5NkqP+JEyFSKZqr8nUhpoPQ480xlQHOh5byL+57UT9K/cVIRxgjxks0V+IglGZJIA6QnFGcqxIZQpYW4lbEAVZWhyKpoQnPmXF0njtOJcVM7vzsrV6zyOAhzCEZyAA5dQhVuoQR0YPMIzvMKbNbJerHfrY9a6ZOUzB/AH1ucPtT+Sug==</latexit>

ith

<latexit sha1_base64="LqUj+8WnrmrcESrxpaEF5n255R8=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4CjPidgyK4DGCWSAZQk+nJmnSs9hdEwzDfIcXD4p49WO8+Td2kjlo9EHB470qqup5sRQabfvLKiwtr6yuFddLG5tb2zvl3b2mjhLFocEjGam2xzRIEUIDBUpoxwpY4EloeaPrqd8ag9IiCu9xEoMbsEEofMEZGsntIjxi2rjJeqmT9coVu2rPQP8SJycVkqPeK392+xFPAgiRS6Z1x7FjdFOmUHAJWambaIgZH7EBdAwNWQDaTWdHZ/TIKH3qR8pUiHSm/pxIWaD1JPBMZ8BwqBe9qfif10nQv3RTEcYJQsjni/xEUozoNAHaFwo4yokhjCthbqV8yBTjaHIqmRCcxZf/kuZJ1Tmvnt2dVmpXeRxFckAOyTFxyAWpkVtSJw3CyQN5Ii/k1Rpbz9ab9T5vLVj5zD75BevjG/zCkkE=</latexit>

UE1

<latexit sha1_base64="NOMCTjSTCr4O0EhXxxANa+P9yzs=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0mKX+ClIILHCqYttKFstpt26WYTdyfFEvI7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMPD8WXINtf1uFldW19Y3iZmlre2d3r7x/0NRRoihzaSQi1faJZoJL5gIHwdqxYiT0BWv5o5up3xozpXkkH2ASMy8kA8kDTgkYyesCe4LUvc16aS3rlSt21Z4BLxMnJxWUo9Erf3X7EU1CJoEKonXHsWPwUqKAU8GyUjfRLCZ0RAasY6gkIdNeOjs6wydG6eMgUqYk4Jn6eyIlodaT0DedIYGhXvSm4n9eJ4Hgyku5jBNgks4XBYnAEOFpArjPFaMgJoYQqri5FdMhUYSCyalkQnAWX14mzVrVuaie359V6td5HEV0hI7RKXLQJaqjO9RALqLoET2jV/Rmja0X6936mLcWrHzmEP2B9fkD/CySOw==</latexit>

UE2

<latexit sha1_base64="0H63HPflFWsEK33heLA50so4Xt8=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0n8Bi8FETxWMG2hDWWz3bRLN5u4OymWkN/hxYMiXv0x3vw3btsctPXBwOO9GWbm+bHgGmz72yosLa+srhXXSxubW9s75d29ho4SRZlLIxGplk80E1wyFzgI1ooVI6EvWNMf3kz85ogpzSP5AOOYeSHpSx5wSsBIXgfYE6TubdZNT7NuuWJX7SnwInFyUkE56t3yV6cX0SRkEqggWrcdOwYvJQo4FSwrdRLNYkKHpM/ahkoSMu2l06MzfGSUHg4iZUoCnqq/J1ISaj0OfdMZEhjoeW8i/ue1EwiuvJTLOAEm6WxRkAgMEZ4kgHtcMQpibAihiptbMR0QRSiYnEomBGf+5UXSOKk6F9Xz+7NK7TqPo4gO0CE6Rg66RDV0h+rIRRQ9omf0it6skfVivVsfs9aClc/soz+wPn8A/bGSPA==</latexit>

UE3

<latexit sha1_base64="fKiJedtcftvYBePYbxg/Wan4o48=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKeyKL/AS8OIxgnlIsoTZyWwyZGZ2mekVwpKv8OJBEa9+jjf/xkmyB00saCiquunuChPBDXret1NYWV1b3yhulra2d3b3yvsHTROnmrIGjUWs2yExTHDFGshRsHaiGZGhYK1wdDv1W09MGx6rBxwnLJBkoHjEKUErPXaRpL1M+pNeueJVvRncZeLnpAI56r3yV7cf01QyhVQQYzq+l2CQEY2cCjYpdVPDEkJHZMA6lioimQmy2cET98QqfTeKtS2F7kz9PZERacxYhrZTEhyaRW8q/ud1Uoyug4yrJEWm6HxRlAoXY3f6vdvnmlEUY0sI1dze6tIh0YSizahkQ/AXX14mzbOqf1m9uD+v1G7yOIpwBMdwCj5cQQ3uoA4NoCDhGV7hzdHOi/PufMxbC04+cwh/4Hz+AN6vkHI=</latexit>⌧m1

<latexit sha1_base64="GErKaan7WwiIx3UivXNq0ho4Z1A=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYhA8hd3gC7wEvHiMYB6SLGF2MpsMmZldZnqFsOQrvHhQxKuf482/cZLsQRMLGoqqbrq7wkRwg5737aysrq1vbBa2its7u3v7pYPDpolTTVmDxiLW7ZAYJrhiDeQoWDvRjMhQsFY4up36rSemDY/VA44TFkgyUDzilKCVHrtI0l4mq5NeqexVvBncZeLnpAw56r3SV7cf01QyhVQQYzq+l2CQEY2cCjYpdlPDEkJHZMA6lioimQmy2cET99QqfTeKtS2F7kz9PZERacxYhrZTEhyaRW8q/ud1Uoyug4yrJEWm6HxRlAoXY3f6vdvnmlEUY0sI1dze6tIh0YSizahoQ/AXX14mzWrFv6xc3J+Xazd5HAU4hhM4Ax+uoAZ3UIcGUJDwDK/w5mjnxXl3PuatK04+cwR/4Hz+AOA0kHM=</latexit>⌧m2

<latexit sha1_base64="GKRPmPdaAFvgvdevM3ae3GCkyYE=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoPgKez6Bi8BLx4jmIckS5idzCZDZmaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXmAhu0PO+nMLS8srqWnG9tLG5tb1T3t1rmjjVlDVoLGLdDolhgivWQI6CtRPNiAwFa4Wjm6nfemTa8Fjd4zhhgSQDxSNOCVrpoYsk7WXydNIrV7yqN4P7l/g5qUCOeq/82e3HNJVMIRXEmI7vJRhkRCOngk1K3dSwhNARGbCOpYpIZoJsdvDEPbJK341ibUuhO1N/TmREGjOWoe2UBIdm0ZuK/3mdFKOrIOMqSZEpOl8UpcLF2J1+7/a5ZhTF2BJCNbe3unRINKFoMyrZEPzFl/+S5knVv6ie351Vatd5HEU4gEM4Bh8uoQa3UIcGUJDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AeG5kHQ=</latexit>⌧m3 <latexit sha1_base64="kf3791Q7UslMBd3djCl1hfJSxIo=">AAACCXicbVC5TgMxEPVyhnAFKGksAhIN0S7iKiPRQBcEOaQkirzObGLF613Zs4holZaGX6GhACFa/oCOv8E5Ckh4kqXn92Y0M8+PpTDout/O3PzC4tJyZiW7ura+sZnb2q6YKNEcyjySka75zIAUCsooUEIt1sBCX0LV710O/eo9aCMidYf9GJoh6ygRCM7QSq0cbSA8YHqtEPTRbT/0I0lHnwA0KA6DVi7vFtwR6CzxJiRPJii1cl+NdsSTEBRyyYype26MzZRpFFzCINtIDMSM91gH6pYqFoJppqNLBvTAKm0aRNo+hXSk/u5IWWiM3dJWhgy7Ztobiv959QSDi2YqVJygPWs8KEgkxYgOY6FtoYGj7FvCuBZ2V8q7TDNuozBZG4I3ffIsqRwXvLPC6c1Jvrg/iSNDdskeOSQeOSdFckVKpEw4eSTP5JW8OU/Oi/PufIxL55xJzw75A+fzByyjmo8=</latexit>

Inter-Symbol Interference
<latexit sha1_base64="/NlGxKOH1DWyALZks7YEjX60j2A=">AAACFXicbVDLSsNAFJ3UV62vqEs3wWpxoSURX8uCG90pWFtoSplMb+rQySTM3Igl9Cfc+CtuXCjiVnDn3zitXdTWAwOHc+7lzjlBIrhG1/22cjOzc/ML+cXC0vLK6pq9vnGr41QxqLJYxKoeUA2CS6giRwH1RAGNAgG1oHs+8Gv3oDSP5Q32EmhGtCN5yBlFI7Xs/ZKP8IDZpURQB+dUKQ6q7/ulwpgeggLJoN+yi27ZHcKZJt6IFMkIVy37y2/HLI1AIhNU64bnJtjMqELOBPQLfqohoaxLO9AwVNIIdDMbpuo7u0ZpO2GszJPoDNXxjYxGWveiwExGFO/0pDcQ//MaKYZnzYzLJEUT6/dQmAoHY2dQkdPmChiKniGUKW7+6rA7qigzVeiCKcGbjDxNbg/L3kn5+PqoWNkZ1ZEnW2Sb7BGPnJIKuSBXpEoYeSTP5JW8WU/Wi/VuffyO5qzRzib5A+vzByW0n2A=</latexit>

Inter-Carrier

Interference

Key Observation
CF-MIMO systems can not be synchronous!

• Mathematical framework to analyze UL asynchrony and SE
• Interference aware combining to combat ICI and ISI

[Anubhab & Chandra: SPAWC, Sep. 2023]
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Thank You... Questions?

Anubhab Chowdhury: anubhabc@iisc.ac.in
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