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Objective

2

• We have considered a LEO MU-MIMO HTS with the
objective to minimize the inter-beam interference
among the users in the downlink.

• Since there are many more UT’s on Earth than transmit
antennas available on the satellite, user scheduling is
necessary.

• Scheduling can be implemented either by user
selection or user grouping.

• The paper presents a novel solution for user grouping
based on Graph theory.

LEO-HTS Spot Beams 



System Model
• We consider a single multi-beam LEO satellite

equipped with an on-board planar antenna array
with N radiating elements, providing connectivity
to K single-antenna uniformly distributed on-
ground UT’s.

• We further assume that the LEO satellite always
maintains a logical link with an on-ground gNB.

• Both scheduling and beamforming require the
estimation of the Channel State Information (CSI)
provided by the UT’s.

System architecture with a single LEO 
satellite



System Model (Contd.)
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• The Radio Resource Management (RRM) scheduling
and beamforming coefficients are computed at the
on-ground gNB.

• Different groups of users are served in different time
slots via TDMA, while users within the same group
are simultaneously served by the satellite via SDMA,
i.e., the implementation of feed space digital
beamforming techniques.

• The latency between the channel estimation phase
and the transmission phase is computed as:

<latexit sha1_base64="n71+JrCGz4HE/CvJQU/u1KknD00=">AAACGHicbZDJSgQxEIbT7o7bqEcvwUEQlKFbRL0Ioh48juCoMDM01elqDaYXkmpxaPotPPkongQF8aon38bMcnArSPj4/yqS+oNMSUOu++mMjI6NT0xOTVdmZufmF6qLS+cmzbXApkhVqi8DMKhkgk2SpPAy0whxoPAiuDnq+Re3qI1MkzPqZtiJ4SqRkRRAVvKrdc7bx6gICir3yS9y2ozhrtzYshwhhqjLDfIzbq8CwtKv1ty62y/+F7wh1NiwGn71ox2mIo8xIaHAmJbnZtQpQJMUCsvKWjs3mIG4gStsWUwgRtMp+ouVfM0qIY9SbU9CvK9Wvk0UEBvTjQPbGQNdm99eT/zPa+UU7XUKmWQ5YSIGD0W54pTyXko8lBoFqa4FEFraz3JxDRoE2SwrNgXv985/4Xyr7u3Ut0+3aweHwzym2ApbZevMY7vsgJ2wBmsywe7ZI3tmL86D8+S8Om+D1hFnOLPMfpTz/gU0QJ/c</latexit>

�t = tut,max + 2tfeeder + tp + tad System architecture with a single LEO 
satellite



Antenna Model
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• The deployed antenna array model is based on ITU-R
Recommendation M.2101.

• The antenna boresight directions is defined by the
direction of the Sub Satellite Point (SSP).

• The point P is the position of the user terminal on the
ground. The user directions are identified by (𝜃, 𝜑) angles
where the boresight direction is (0,0).

• The total array response of the UPA for the generic
direction (𝜃! , 𝜑!) can be expressed as the Kronecker
product of the two ULA steering vectors along the
horizontal and vertical directions. Antenna Array Model



Antenna Model (Contd.)
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Where;

𝐾" = 2𝜋𝜆 is the wave number, 𝑁#, 𝑁% denotes the number of array elements on the horizontal (y-axis) and vertical
(z-axis) directions with𝑁 = 𝑁# ⋅ 𝑁& .
𝑑# , 𝑑& denote the distance between adjacent array elements on the y- axis and z- axis, respectively.

• The 1×𝑁 steering vector of the UPA targeted at the 𝑖'( user is given by

<latexit sha1_base64="glf49Xm68KexKoaLDuafc3tWfJE="></latexit>

aH(#i,'i) =
h
1, ejk0dH sin#i sin'i , . . . , ejk0dH(NH�1) sin#i sin'i

i

aV (#i) =
h
1, ejk0 cos#i , . . . , ejk0dV ⇡(NV �1) cos#i

i
.

<latexit sha1_base64="4M5FoTehl2IsyssNmycxYCmHkeI="></latexit>

a(#i,'i) = gE(#i,'i)aH(#i,'i)⌦ aV (#i)



Channel Model 
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• The Channel State Information (CSI) vector at feed level represents the channel between the N radiating elements
and the generic 𝑖!" on-ground UT, with can be written as

in which, 𝑑! is the slant range between the generic 𝑖'( user and the satellite, 𝜆 is the wavelength, 𝛫B𝑇! denotes the
equivalent thermal noise power,𝛫 the Boltzmann constant, B the user bandwidth (assumed to be the same for all users)
𝑇! the equivalent noise temperature of the 𝑖'( UT.
𝐿! denotes all the additional losses per user, such as for example atmospheric, antenna, and cable losses.

𝐺!
(*+)

denotes the receiving antenna gain for the 𝑖!" UT.

• The additional losses are computed as per 3GPP TR 38.821

<latexit sha1_base64="AhENHYHfpm6oiG5qSp+Vk4HeXgk="></latexit>

hi = G(rx)
i

�

4⇡di

r
Li

BTi
e�j 2⇡

� dia(#i,'i)

<latexit sha1_base64="AtXs+lBd9bIGvbWPOvopRBBI3nE=">AAACGHicbZDLSsNAFIYn9VbjLerSzWApCEpIpKgboejGhYsK9gJtCJPppB06uTAzEUrIW7jyUVwJCuJWV76NkzQLbf1h4OM/53Dm/F7MqJCW9a1VlpZXVteq6/rG5tb2jrG71xFRwjFp44hFvOchQRgNSVtSyUgv5gQFHiNdb3Kd17sPhAsahfdyGhMnQKOQ+hQjqSzXMCG8dVOawcsCxBid0Ow4RyQDhbBggWnOELpGzTKtQnAR7BJqoFTLNb4GwwgnAQklZkiIvm3F0kkRlxQzkun1QSJIjPAEjUhfYYgCIpy0OCyDdeUMoR9x9UIJC1f/NZGiQIhp4KnOAMmxmK/l5n+1fiL9CyelYZxIEuLZIj9hUEYwTwkOKSdYsqkChDlVn4V4jDjCUmWpqxTs+ZsXoXNq2mdm465Ra16VeVTBATgER8AG56AJbkALtAEGj+AZvII37Ul70d61j1lrRStn9sEfaZ8/un+dDw==</latexit>

Li = Lsha,i + Latm,i + Lsci,i

<latexit sha1_base64="IRHcc3/THV9I/GlkuknxrE0klS4=">AAAB9XicbVDLSsNAFJ3UV42vqks3g6XgopREiroRim4ENxXsA9pQJpNJO3QyE2cmSgn9DleCgrj1Y1z5N07aLLT1wIXDOfdy7z1+zKjSjvNtFVZW19Y3ipv21vbO7l5p/6CtRCIxaWHBhOz6SBFGOWlpqhnpxpKgyGek44+vM7/zSKSigt/rSUy8CA05DSlG2kgevXSrfRYIraq39qBUdmrODHCZuDkpgxzNQemrHwicRIRrzJBSPdeJtZciqSlmZGpX+okiMcJjNCQ9QzmKiPLS2dVTWDFKAEMhTXENZ6r9ayJFkVKTyDedEdIjtehl4n9eL9HhhZdSHieacDxfFCYMagGzCGBAJcGaTQxBWFJzLMQjJBHWJqgsBXfx52XSPq25Z7X6Xb3cuMrzKIIjcAxOgAvOQQPcgCZoAQwewDN4BW/Wk/VivVsf89aClc8cgj+wPn8AifORNg==</latexit>

i = 1, . . . ,K

<latexit sha1_base64="8mjS1qcTG5hGhgTzEMtNBwVSAVQ=">AAAB9HicbVDLSsNAFL2prxpfVZduBkvBVUmkVJdFNy4r2Ac0oUymk3boZBJmJoUS+huuBAVx68+48m+ctFlo64GBwzn3cs+cIOFMacf5tkpb2zu7e+V9++Dw6PikcnrWVXEqCe2QmMeyH2BFORO0o5nmtJ9IiqOA014wvc/93oxKxWLxpOcJ9SM8FixkBGsjeV6E9SQIs8liyIaVqlN3lkCbxC1IFQq0h5UvbxSTNKJCE46VGrhOov0MS80Ipwu75qWKJphM8ZgODBU4osrPlqEXqGaUEQpjaZ7QaKnavzYyHCk1jwIzmYdU614u/ucNUh3e+hkTSaqpIKtDYcqRjlHeABoxSYnmc0MwkcyERWSCJSba9GSbFtz1P2+S7nXdbdYbj41q667oowwXcAlX4MINtOAB2tABAgk8wyu8WTPrxXq3PlajJavYOYc/sD5/ANNxkhw=</latexit>

hi



Channel Matrix Computation 
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• Collecting all the K CSI vectors makes it possible to build a K X N complex channel matrix at the System
level.

• Given the set of all users to be scheduled , the RRM algorithm defines a possible
users’ partitioning where is defined as a cluster.

• The cardinality of the 𝑝!" cluster is defined as

• Clusters are not necessarily disjoint sets of users

• The total time frames available at the RRM is given by

<latexit sha1_base64="gqTNOpbmyHt3ZxUSFlbBBNgsnPk="></latexit>

H = [h|
1 ,h

|
2 , . . . ,h

|
K ]

|
<latexit sha1_base64="RRmJ1Gx06cNhmPMVka0h78Bvrf8=">AAACEXicbVDLSsNAFJ3UV62vqEs3g6XoopSkFHUjFN0IbiqYttCEMJlM26GTSZiZCCX0E1z5Ka4EBXHr0pV/46TtQlsPDJw5517uvSdIGJXKsr6Nwsrq2vpGcbO0tb2zu2fuH7RlnApMHByzWHQDJAmjnDiKKka6iSAoChjpBKPr3O88ECFpzO/VOCFehAac9ilGSku+eeJGSA0xYpkzgZfQzRzfrkLHr1ehy8JYyfxz6058s2zVrCngMrHnpAzmaPnmlxvGOI0IV5ghKXu2lSgvQ0JRzMikVHFTSRKER2hAeppyFBHpZdOLJrCilRD2Y6EfV3Cqln51ZCiSchwFujLfXy56ufif10tV/8LLKE9SRTieDeqnDKoY5vHAkAqCFRtrgrCgelmIh0ggrHSIJZ2CvXjzMmnXa/ZZrXHXKDev5nkUwRE4BqfABuegCW5ACzgAg0fwDF7Bm/FkvBjvxsestGDMew7BHxifPyB7m0U=</latexit>

U = {U1, U2, . . . , UK}
<latexit sha1_base64="uho9DsOFHf1LR0V85f47GXIae6c=">AAACIHicbVDLSsNAFJ34rPUVdelmsAgupCSlWJfFblxWsA9oQphMJu3QSSbMTIQS8ilu/BU3LhTRnX6N0zaLPjwwcO459zL3Hj9hVCrL+jE2Nre2d3ZLe+X9g8OjY/PktCt5KjDpYM646PtIEkZj0lFUMdJPBEGRz0jPH7emfu+JCEl5/KgmCXEjNIxpSDFSWvLMhpM5EVIjjFjWyj37Gi6WNV2ygCu5LLed3DMrVtWaAa4TuyAVUKDtmd9OwHEakVhhhqQc2Fai3AwJRTEjedlJJUkQHqMhGWgao4hIN5sdmMNLrQQw5EK/WMGZujiRoUjKSeTrzumactWbiv95g1SFt25G4yRVJMbzj8KUQcXhNC0YUEGwYhNNEBZU7wrxCAmElc60rEOwV09eJ91a1b6p1h/qleZdEUcJnIMLcAVs0ABNcA/aoAMweAav4B18GC/Gm/FpfM1bN4xi5gwswfj9A04woxM=</latexit>

{C1, C2, . . . , CP }

<latexit sha1_base64="77yexZ6l7Oy3/IHSH5GVuU4iWsM="></latexit>

|C1 [ C2 [ . . . [ CP | = K

<latexit sha1_base64="49m12U6oU4tBdyONliDCsdZpB/U="></latexit>

Ttot =
PX

p=1

|Cp| � K

<latexit sha1_base64="mJbZ+FC3XCjxTdqjDweKEqs0RS8=">AAACCnicbVDLSsNAFJ3UV42vqks3g6XgqiQi6kYodiO4qWAf0IQwmU7aoZMHMzdCSbt15ae4EhTErX/gyr9x2mahrQcuHM65l3vv8RPBFVjWt1FYWV1b3yhumlvbO7t7pf2DlopTSVmTxiKWHZ8oJnjEmsBBsE4iGQl9wdr+sD712w9MKh5H9zBKmBuSfsQDTgloySthR7AAxk5IYECJyOoTL3Ek7w9gjK/wrZd4pbJVtWbAy8TOSRnlaHilL6cX0zRkEVBBlOraVgJuRiRwKtjErDipYgmhQ9JnXU0jEjLlZrNXJriilR4OYqkrAjxTzV8TGQmVGoW+7pyerBa9qfif100huHQzHiUpsIjOFwWpwBDjaS64xyWjIEaaECq5PhbTAZGEgk7P1CnYiz8vk9Zp1T6vnt2dlWvXeR5FdISO0Qmy0QWqoRvUQE1E0SN6Rq/ozXgyXox342PeWjDymUP0B8bnDwwnmm8=</latexit>

|Cp| = Kp

<latexit sha1_base64="WSXTHvs1gJ2uJe7W4BzE1AeK4t0=">AAACDXicbVDLSsNAFJ3UV42vqks3g6XgqiQi6rLYjcsKpi00pUymN+3QycOZiVBCPsCVn+JKUBC3foAr/8ZJG0RbDwwczjmXufd4MWdSWdaXUVpZXVvfKG+aW9s7u3uV/YO2jBJBwaERj0TXIxI4C8FRTHHoxgJI4HHoeJNm7nfuQUgWhbdqGkM/IKOQ+YwSpaVBpeoGRI0p4WkzG8TYlYknQcEd/tGdTKesujUDXiZ2QaqoQGtQ+XSHEU0CCBXlRMqebcWqnxKhGOWQmTU3kRATOiEj6GkakgBkP51dk+GaVobYj4R+ocIz1fw1kZJAymng6WS+o1z0cvE/r5co/7KfsjBOFIR0/pGfcKwinFeDh0wAVXyqCaGC6WUxHRNBqNIFmroFe/HmZdI+rdvn9bObs2rjquijjI7QMTpBNrpADXSNWshBFD2gJ/SCXo1H49l4M97n0ZJRzByiPzA+vgHdO5wI</latexit>

Cp ✓ U



Beamforming Matrix
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• The selected beamforming algorithm computes for each cluster a                complex beamforming 
matrix given as 

where           denotes the 𝑁×1 beamformer designed for the 𝑖!" user in the 𝑝!" cluster.

• The matrix         projects the        dimensional column vectors contains the unit-variance user 
symbols onto the  N- dimensional space defined by the antenna feeds. 

• Thus, in the feed space, the computation of the beamforming matrix allows for the generation of a 
dedicated beam towards each user direction. 

<latexit sha1_base64="8YqXSW5Q8MCDAj3ydhb01n94ch8=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyBIBfsBTSib7aZdutmE3YlQSv+GFw+KePXPePPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6ewsrq2vlHcLG1t7+zulfcPmibJNOMNlshEt0NquBSKN1Cg5O1UcxqHkrfC4c3Ubz1xbUSiHnGU8iCmfSUiwShayb8nPoqYG3LXTbvlilt1ZyDLxMtJBXLUu+Uvv5ewLOYKmaTGdDw3xWBMNQom+aTkZ4anlA1pn3csVdQuCsazmyfkxCo9EiXalkIyU39PjGlszCgObWdMcWAWvan4n9fJMLoKxkKlGXLF5ouiTBJMyDQA0hOaM5QjSyjTwt5K2IBqytDGVLIheIsvL5PmWdW7qJ4/nFdq13kcRTiCYzgFDy6hBrdQhwYwSOEZXuHNyZwX5935mLcWnHzmEP7A+fwBKY6RIQ==</latexit>

N ⇥Kp

<latexit sha1_base64="xXORLZBiSnLKaXcsjcxChSSZNew="></latexit>

Wp = [w(p)
1 ,w(p)

2 , . . . ,w(p)
Kp

]

<latexit sha1_base64="EjXfb/umcU8VEil6B+xdKfwovCg=">AAAB/HicbVDLSsNAFJ34rPEV69LNYCnUTUmkqMuiG5cV7APaGCbTSTt0MgkzE7WE+CmuBAVx64+48m+ctFlo64GBwzn3cs8cP2ZUKtv+NlZW19Y3Nktb5vbO7t6+dVDuyCgRmLRxxCLR85EkjHLSVlQx0osFQaHPSNefXOV+954ISSN+q6YxcUM04jSgGCkteVZ5ECI19oP0IfPoXVqLTzLPqth1ewa4TJyCVECBlmd9DYYRTkLCFWZIyr5jx8pNkVAUM5KZ1UEiSYzwBI1IX1OOQiLddBY+g1WtDGEQCf24gjPV/LWRolDKaejryTyqXPRy8T+vn6jgwk0pjxNFOJ4fChIGVQTzJuCQCoIVm2qCsKA6LMRjJBBWui9Tt+As/nmZdE7rzlm9cdOoNC+LPkrgCByDGnDAOWiCa9ACbYDBI3gGr+DNeDJejHfjYz66YhQ7h+APjM8fkTmUrw==</latexit>

w(p)
i

<latexit sha1_base64="ZSj7JUHcaVmS5Qs4vWuEhuPdEas=">AAAB9HicbVDLSgMxFL1TX3V8VV26CZaCqzIjoi6LblxWsA/olJJJM21oJhOSTKEM/Q1XgoK49Wdc+Tdm2llo64HA4Zx7uScnlJxp43nfTmljc2t7p7zr7u0fHB5Vjk/aOkkVoS2S8ER1Q6wpZ4K2DDOcdqWiOA457YST+9zvTKnSLBFPZiZpP8YjwSJGsLFSEMTYjMMo68wHclCpenVvAbRO/IJUoUBzUPkKhglJYyoM4Vjrnu9J08+wMoxwOndrQaqpxGSCR7RnqcAx1f1sEXqOalYZoihR9gmDFqr7ayPDsdazOLSTeUi96uXif14vNdFtP2NCpoYKsjwUpRyZBOUNoCFTlBg+swQTxWxYRMZYYWJsT65twV/98zppX9b96/rV41W1cVf0UYYzOIcL8OEGGvAATWgBAQnP8ApvztR5cd6dj+VoySl2TuEPnM8fxAySEg==</latexit>

Wp

<latexit sha1_base64="fSKD4Mdwhofouaqomaati5Z7Egc=">AAAB63icbVBNSwMxEJ2tX3X9qnr0EiwFT2VXinosehG8VLQf0C4lm2bb0CS7JFmhLP0JngQF8eov8uS/MW33oK0PBh7vzTAzL0w408bzvp3C2vrG5lZx293Z3ds/KB0etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoOxzczv/1ElWaxfDSThAYCDyWLGMHGSg93/aRfKntVbw60SvyclCFHo1/66g1ikgoqDeFY667vJSbIsDKMcDp1K71U0wSTMR7SrqUSC6qDbH7rFFWsMkBRrGxJg+aq+2siw0LriQhtp8BmpJe9mfif101NdBVkTCapoZIsFkUpRyZGs8fRgClKDJ9Ygoli9lhERlhhYmw8rk3BX/55lbTOq/5FtXZfK9ev8zyKcAKncAY+XEIdbqEBTSAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QOPWo3m</latexit>

Kp

<latexit sha1_base64="6CwGQY1vABGBLfvHrfCWuYc/f34=">AAACHHicbVDNS8MwHE3n15xfU49egkPwMEY7h3oRhl4ELxPcB7S1pFm6haVpSVJhlP4hXvxXvHhQxIsHwf/GdNtBNx8EXt77/Uje82NGpTLNb6OwtLyyulZcL21sbm3vlHf3OjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1R1e5330gQtKI36lxTNwQDTgNKEZKS175xAmRGvpBKjMvvoC29KwqlF69Ch3Wj5TML+mNF2fuvUO5IgIj5pUrZs2cAC4Sa0YqYIaWV/50+hFOQsIVZkhK2zJj5aZIKIoZyUpOIkmM8AgNiK0pRyGRbjoJl8EjrfRhEAl9uIIT9fdGikIpx6GvJ/Moct7Lxf88O1HBuZtSHieKcDx9KEgYVBHMm4J9KghWbKwJwoLqv0I8RAJh3YIs6RKs+ciLpFOvWae1xm2j0ryc1VEEB+AQHAMLnIEmuAYt0AYYPIJn8ArejCfjxXg3PqajBWO2sw/+wPj6AbdpoSw=</latexit>

sp = [s1, s2, . . . , sKp ]
|



Received Signal and SINR
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• The received signal by the 𝑖!" user in the 𝑝!" cluster is given as

where          is a circularly symmetric Gaussian Random Variable with zero mean and unit variance. 

• The 𝐾# dimensional vector of the received symbol in the 𝑝!" cluster is given as 

• The Signal-to-Interference-plus-Noise ratio for user k belonging to cluster p can be computed as

<latexit sha1_base64="UScxgmOoK4+gjuu34/BRgqTVfDg="></latexit>

y(p)k = hkw
(p)
k sk +

KpX

i=1
i 6=k

hkw
(p)
i si + z(p)k

<latexit sha1_base64="DGcpL4HWtJJ/CHFuLV4eGMplt1k=">AAAB8XicbVBNSwMxEJ31s65fVY9egqVQL2VXinosevFYwX5Iu5ZsmrahSXZJskJd+is8CQri1Z/jyX9j2u5BWx8MPN6bYWZeGHOmjed9Oyura+sbm7ktd3tnd28/f3DY0FGiCK2TiEeqFWJNOZO0bpjhtBUrikXIaTMcXU/95iNVmkXyzoxjGgg8kKzPCDZWun/qjh7SUnw66eYLXtmbAS0TPyMFyFDr5r86vYgkgkpDONa67XuxCVKsDCOcTtxiJ9E0xmSEB7RtqcSC6iCdXTxBRav0UD9StqRBM9X9NZFiofVYhLZTYDPUi95U/M9rJ6Z/GaRMxomhkswX9ROOTISm76MeU5QYPrYEE8XssYgMscLE2JBcm4K/+PMyaZyV/fNy5bZSqF5leeTgGE6gBD5cQBVuoAZ1ICDgGV7hzdHOi/PufMxbV5xs5gj+wPn8AecokGM=</latexit>

z(p)k

<latexit sha1_base64="83Gpd9b7O5EpeuDKqTlxmLe9ZwI="></latexit>

yp = H
(t1)
p W

(t0)
p sp + zp

<latexit sha1_base64="bsYq0OGOUoyrPkoCf4NrNZq1rUY="></latexit>

SINR(p)
k =

���hkw
(p)
k

���
2

1 +

KpX

i=1
i 6=k

���hkw
(p)
i

���
2



Capacity computation
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• In order to design a fair-proportional scheduler the per-user achievable capacity is computed as

• The clusters weights are computed as

• The beamforming matrix is based on Linear Minimum Mean Square Error (MMSE)

<latexit sha1_base64="Loi4BnVSZ0DJsKxS34khoO0j7PM="></latexit>

�p =
|Cp|PP
p=1 |Cp|

=
Kp

Ttot

<latexit sha1_base64="UIrvs5+CJ7WJ2WH3usGbZiF5Qio="></latexit>

Wp = (HH

p
Hp + ↵IN )

�1
H

H

p

<latexit sha1_base64="TcDEPCd3kVYu7TNEE4Ukww1sxxM="></latexit>

Ck = B
X

p
Uk2Cp

�p log2

⇣
1 + SINR(p)

k

⌘



Power Normalizations
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Sum Power Constraint (SPC)

Per Antenna Power Constraint (PAC)

Maximum Power Constraint (MPC)

<latexit sha1_base64="s3LeKGMyEAsPURBUvJMp859ql5g="></latexit>

W̃p =

p
PtWpq

tr(WpWH
p
)

<latexit sha1_base64="QWcrj1c5X0F1eERVQu1xa1g8iYY="></latexit>

W̃p =

r
Pt

N

�
diag

�
diag

�
WpW

H

p

���� 1
2 Wp

<latexit sha1_base64="aSfpfZXBiUQ6LQMaF2h1cTxOmJc="></latexit>

W̃p =
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An upper bound is imposed on the total on-board
power. It preserves the orthogonality of the
beamformer columns but does not guarantee that
the power transmitted from each feed will be upper
bounded.

The limitation is imposed per antenna, however the
orthogonality in the beamformer columns here is
disrupted.

The power per antenna is upper bounded and the
orthogonality is preserved, but not the entire
available on-board power is exploited.



Graph based User Clustering 

• The clustering problem is modelled as an undirected and
unweighted graph .

• Users constitute the vertices of the graph, and edges are
based on a dissimilarity measure of their channels.
Computed from

(18)

• The set of edges of the graph is completely determined
by its adjacency matrix, whose entities are defined as

(19)

• denotes a properly designed threshold and finding the
optimal threshold value is one of objectives.

Graph with Maximum Clique 
representation
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The Maximum Clique 
• It is a greedy iterative procedure that aims

at minimizing the total number of 𝑃
clusters, given an optimized threshold 𝛿'(.

This is accomplished by:
I. Maximizing the size of each cluster by

iteratively finding the maximum clique of
the updated graph.

II. Creating disjoint sets of scheduled users,
which also minimizes the total users.

• Fairness is guaranteed among users by
setting the cluster weights
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Simulation Parameters
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SIMULATION PARAMETERS
Carrier frequency 2GHz

System Band S band (30 MHz)
Beamforming space Feed

Receiver type VSAT
Receiver scenario Fixed

Propagation scenario Non- Line of Sight
System scenario Urban
Number of tiers 5

Cluster Size for Position-based Scheduler 91

Number of transmitters 1024 (32 x 32 UPA)
User density 0.05 users/Km-



Threshold Optimization
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CDF’s
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The clique-based scheduler shows an improvement in terms of average per-user capacity of
4 Mbps and in terms of SINR of more than 20 dB with reference to MMSE-SPC normalization
method.



Conclusion
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• In this work, we have proposed a greedy iterative user scheduling procedure based on
the maximum clique algorithm.

• For each time slot, a digital MMSE beamforming matrix allows to spatially separate the
scheduled users and we considered three power normalizations for the beamforming
matrix: SPC, MPC, and PAC.

• The results have been presented in terms of achievable per-user capacity and SINR and
they show that the performance for clique based scheduling is highly improved as
compared to the position based scheduling. Future works will improve the presented
system model with the inclusion of multiple moving satellites.
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