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1.! Introduction
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1.1. Motivation
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2. 5G networks
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2.1.2.! Targets
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2.2.1.! Increased bandwidth
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2.2.2.! mMIMO and beamforming
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2.2.3.! Network densification
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2.2.4.! New waveforms

M+%!,"10("1(0$!)($"-12(=%4-)/1()%!%,,%0*" ("1 &-/6-0%0% 1 -41*+%1 6+5,"&('1'(5%) BI 2+"&+!,6%&"4" %, 1*+%!
6+5,"&("! ,+(6%! -4! *+%! *)(0,/"**%$! "10(! &())5"01! *+%6! /-$.'(*%$! "04-)/(*"-01 *+)-. 1+- *1 *+01 )($"-!
&+(00%'@! M+%! ,"1 D84 ()(&*%)"E%S$! 25! (1 ,%*! -41 6()(/%*%),}! &())"%)! 4)%8.%0&5B! 2(0$2"$*+B! $.)(*"-0B!
<O /9%BI/-$. (*"-01 (0$!&-$"01!,&+%/%!]CIFAB!%0%) 15!'%=%'B! (0$!)($"(*"-0!6(**%)0@! M+%)%! ()%! /(05!



2(5,!-4! /(0(1"01! %(&+! -0%! -41 *+%,%! 6()(/%*%), @! F6%&"4"&("5B! 4-)! **Diy AT (*"-0B! *+%!

&+-,9%00! 2(=%4-)/1 +-. B! ("-21*+9%! +(0$"01! -41 +"1+1 2(0$2"$*+! "10(", B! -6%)(*%! (*! +"1+1 &())"%)! 4)%7
8.9%08&"%, B! ("-214-)1+"1+1,6%&*) ("1 %44"&" %0 & BBV &-//.0"&(*"-0,B1 (0$!"-2!'(*%0&5!%)(0,7
I",,"-0,@!P(,%$!-01++" BI"*12(,1 06125 1+ (*1*+061 "10('1.,%$! 251V:12-.'$1 296! Q)*+-1-0('1 A)%8.%07
&510"=","-01C."*"6'%! H&&%,,! ]QAOCHB)%E&",%'5B! 958)084"G! 2(,%$! Q)*+-1-0('1 A)%8.%0&5!0"="7
"-01C."*"6'%! H&&%,,|]9TQAOCHAI 4-)1 2-*+10>1 (0$! <>@! P(,"&("5B! (1 1"=%0! (/- 0*1-41$(*(1",1*)(0,7

[ 0BIH)- 1+- *14+041)($"-1&+(00%'1,"/."*(0%-.,'5!"0,"$%!$"44%)%0*1$(*(1?"-&3,B1.,"011-)*+-1-0(',.?7

&())"%)! 4)%8.%08&"%, 4-)! %(&+! ?'-&3@! N(&+ $(*(! 7'-&31 &())"%,! (1 ,%*1-41 5/2-' | (OSB! (! *+%! 4"),* 6()*! -4!
%o(&+!,5/2-'1",1 &.*1 (0$! (66%0$%$! %"*+96)! (*1 *+06! %60$! -YD2YAIDO0! &-))%,6-0$"01! ,5/7-'B! *+%!
2(=%4-)/1",1$%0-/"0(*%$! (,19; TQACCH@! M+%! &5&"&! BPEB4"G! *%&+0"BO62,1*+9%6!)%$.&7
*_01-41"0%)7/5/2-'1"0*%)4%)%08%! ,"0&%6B! 1"=9601 *+%6! %60 1*+! -41*+ %! &+-,960! 6)%4"G! -)! 6- *4"GB!"* &(O!
96'%8&*"=%!4($"01108BALY6(&*,1-01*+061&-))%&*1¥)(0,/", "-01-41%(&+!,5/?-' @!M+%! ., YaIBOCH!
-0!>MN!0%*2-)3,1+(,16)-=%0!*-12%! (0! %G &%"%0*! " 10(' (0IBEOEEYS16)-="$%, | +"1+!,6%&*)('1%44"7
&"%0&5BI" 1,."*(?'%!14-)1'()1%!$(*(1*)(0,/",,"-0, B (0$!-6%) (*%,1294"1 2"+ IBE1)(* %!, *)%(/!-&&.657

"011 2"$%! 2(0$2"$*+,@! H$$™*"-0("5B! 4'%G"2'%! 0./%)--15! )% 1()$"01! *+9%! 4)(/%! ,*).&*.)%! +(,! 2%%0! $%7
4"0%$!*-1 &-=9%)! ,%)="8%%6! 4-)1 *+%! %60*")%! ,%*! -41 (66" &(*"-0,!$%,&)"?%$! 2%4-)%@! M+" 1 2""| ("-2! %CPP!
ICMO!6)-6%)!-6%)(*"-01(0$!6'(5!(01%%60*"(1)-'%!"0!>MN!(0$!V:1&-9%6G", *%608%!(0$!2%(/4-)I"01@!

2.3. Network architecture
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2.3.1.I' Architecture configuration options
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2.3.2.! Network slicing
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2.4. Physical layer
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Transmitter

™ “Cyclic !
Bits i i
— Serial to = Modulation ¥ (A}uardlblt 1 [FET P, extension Paral!el to
parallel insertion I e serial
{ Jnsertion
Receiver
™ “Cyclic !
g i Bits
—tp Serial to > cxtension W] FFT | (Cpreling 1 Demodulation [ Parall‘el to >
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| Exfrection

A(19&"D,ER!9; TQAOCH!6)"0&"6'%B!?(,%%$!-0!qUkr@
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2.4.1.! Multiple access
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2.4.2.! Radioframe structure
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-41*+910-66'%)!,+"4*! (0$!6+(,%!0-",%!'%=%'B!(',-1/(3%,!"*16-,,"?'%! *-1 (&+"%=%!+"1+!/."*"6'%G"01!
%44"&"%@&5
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2.5. Performance
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0%*2-)31&(6(?""*"%,1-41*+%61-6%)(*-),| (OSSO ()%! (O('SE%S!"0!*%6)/,1-41$(*(1) (%! (0$!'(*%0&5B! (&7
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401/~ ¥1$9/(0$"011&(,%, | (0! UT!/,14-)1-*+06)1&(,%, @!A.)*+%)/-)%BI"*1" | (O( SE%$! *+%6! 2(51*+ %! &-//.7
0"&(*"-01*06)/"0(",|698%" =%!*+061&+(00%'1&-08"*"-0@!

M-+96!"04-)/(*"-016)-="$%$!"01*+" 1 %6&*"-01",12(,%$!-0j!gVB! UVI!"0!S@V@Ux!qUKBIUVI!"0! S@V@Sx!q)
"0IS@V@_@

2.5.1.! Peak data rates
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3.! 360j video streaming
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3.2. MPEG-DASH overview
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3.2.1.! Scope of MPEG-DASH
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3.2.2.! Media distribution architecture
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3.2.3.! MPEG-DASH SRD
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3.3. 360j video adaptive streaming
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3.3.1.! 360° video transmission chain
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3.3.3.! Objective quality assessment metrics
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4.! Scheduling algorithms
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4.1. Introduction
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4.2. Design aspects
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4.3. QoE-unaware schedulers
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4.3.1.! Channel-unaware strategies
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4.3.2.! Channel-aware / QoS-unaware strategies
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4.4. QoE-aware schedulers
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4.5. Proposed buffer-level-based scheduling algorithms
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5.! Simulator’s development
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5.2.1.! Throughput deduction and estimation
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5.2.2.! VAS algorithm
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Algorithm I: Viewport Adaptive Streaming Algorithm

Input:
"y (Estimated throughput)
# (Current viewport coordinates)
$ 4 (Total number of video tiles)
%& (Vector containing the bitrates of the available qualities)

Output:
{'4 Joe# & , (Assigned tiles quality vector)
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Algorithm II: QAAD

Input:
" my (Estimated throughput)
)&*((Current buffer occupancy level)
%&!(Vector containing the bitrates of the available qualities)

Output:
Iy« (Assigned quality level)
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6.! Simulation results
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6.1. Introduction
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6.2. Simulation results
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6.2.2.! Performance analysis
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7.1 Conclusions
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