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Abstract: Narrow Band Internet of Things(NB-loT), as a low—power wide area network
technology, is specially designed to connect a large number of low—power devices. The low—orbit
satellite ToT based on this technology has lower transmission loss and delay, and can achieve
seamless coverage of the earth through constellations. However, low—orbit satellites are highly
dynamic and face QoS requirements from different users. These factors greatly affect the
throughput performance of existing resource scheduling algorithms. In response to these
challenges, this paper proposes a high—throughput NB-IoT low-orbit satellite IoT resource
scheduling algorithm by comprehensively considering satellite channel characteristics, reliability
and delay requirements between different users, and differential Doppler caused by high satellite
dynamics in a scenario where a large number of IoT users request wireless resources and time—
frequency resources are limited. Simulation results show that compared with existing methods, the
resource scheduling algorithm proposed in this paper shows significant performance improvement
in system throughput.
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Tablel Different types of application traffic models

application traffic models application payload size distribution periodic inter—arrival time

generally rare, typically occurring

MAR exception reports 20 bytes
every few months or even years
o Pareto distribution with shape parameter alpha = 2.5 and minimum 1 day (40%), 2 hours (40%), 1
MAR periodic reports L . . .
application payload size = 20 bytes with a cut off of 200 bytes hour (15%), and 30 minutes (5%)
1 day (40%), 2 hours (40%), 1
network command 20 bytes .
hour (15%), and 30 minutes (5%)
software update/ Pareto distribution with shape parameter alpha = 1.5 and minimum (180 days)
ays
reconfiguration model application payload size = 200 bytes with a cut off of 2 000 bytes Y
700 7
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Fig.2 Statistics on the number of data packets sent per Fig.3 Statistics on the amount of data per hour within
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Table3 Determination of basic scheduling parameters based on QoS constraints and minimum resource occupancy criteria for Algorithm 1

X number of users N,satellite altitude 4, total number of available subframes #,total number of available subcarriers B,
input: ) o .
delay constraints d; and reliability constraints R, for all users

output: user's basic scheduling parameters, including RU type N:°, number of RUs N}V, and number of repetitions N/

function parameter—determination (N, i, W, B,d . R,)
2 determine the number of user groups M (grouped in units of 20 km in this paper) based on differential Doppler constraints using Eq.(6), the number of users in the jth

group is NV, the time resource of the j th group is ¥

3 Forj=1:M

4 Fori=1:N;

5 determine the link Ry, C/N of each user based on channel conditions using Eq.(1)

6 obtain the set of feasible combinations of RU type and MCS, denoted as 4,= {(N,j .MCS,; )} by traversing all RU types using Eq.(3)

7 obtain the number of RUs for each user based on 3GPP TS36.213, update set 4, to 4,= {(ijc,NiSU )}

8  calculate allowed repetitions based on the user's delay constraints and reliability constraints using Eq.(4-5) ,upgrade set 4, to set of triples 4,= {(N‘ff,N ,._’}U,N,_’j." )}
9 select the best triplet of 4, (N,“A,N,RU',N,’E"' ) according to the minimum resource occupation criterion

10 end for

11 end for

12 return N, NFY N
13 end function
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WS Y ) RUS 043 O 2 740648 71 08 AE VR DRI B0, D
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jes*

S*"=arg min Waste(i,S¥) (17)
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(a) scheduling result if subcarrier set is {0,1,2} (b) scheduling result if subcarrier set is {3,4,5}
E4
UE4 Y
$UE1 [UEL
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] s
NUES Sy UE2
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(c) scheduling result if subcarrier set is {6,7,8} (d) scheduling result if subcarrier set is {9,10,11}

Fig.5 Schematic diagram of least waste first strategy

5 /RS SER R B
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F 4 k2 BRI
Table4 Least waste first strategy for Algorithm 2

number of users N, the amount of data to be transferred by the user D, , user's basic scheduling parameters, including RU type
input: N, number of Rus NV, and number of repetitions N;*" , total number of available subframes ¥, total number of available

subcarriers B, scheduling order vector O

order.

output: total throughput 7'y, empu
function 2d-packing (N, D,, N, NN/, W, B, O, s..)

—_

2 resource status matrix O < 0, user scheduling indication vector v <=0 7'y, g < 0

3 generate user list UE,; in O,

4 for each user UE, € UE

5 determine the user's optional subcarrier set S;° based on the user's RU type N*

6 for each subcarrier set S € G(Nf“")

7 calculate the resource waste of selecting a specific set of subcarriers S;° using Eq.(16)
8 end for

9 select the subcarrier set with minimal resource waste S;“and the corresponding starting scheduling subframe 7' using Eq.(17)
10 update O and v

11 T, hroughput €~ T, hroughput T D,

12 IfT*>=W

13 break

14 end if

15 end for

16 return 7o uonpu

17 end function
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FIR B . (B A8 30 AT 3 — Pl 0 2 S W O A SR 38 O 50% , 5 L — 4 5K i 3% 4 22 B Probability , Ff-7E[0,110 31 4)
BUE, M/NFos5afdeeifing 13T, SWERERM 2 E . E& NS TDOERE T, R KRG At &N Hir
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FE IR Al BEALBERE T AT ETEL, R E 2.2 35 BRBR AT R G0 B A ik R R 3 VB (E DA I 4R
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Table5 Random local search based on TDO for Algorithm 3

. number of users N,the amount of data to be transferred by the user D, , user's basic scheduling parameters, including RU type N, number of RUs NV, and number of
input: . . : . .
repetitions N7, total number of available subframes J¥, total number of available subcarriers B, number of iterations /.., .., Number of population members P,

size

output: best result so far B,
function TDO-search (N, D,.,N,:‘C,NiRU,N‘m", W,B, 1.

iterations? Ppopslzc)

strategy 1:feeding by eating carrion (exploration phase)

2 sortusers in descending order to get a list using Eq.(18)

3 initialize the population:randomly shuffle the order and call 2d—packing to obtain different fitness values
4 By <0

5 for 1= 10 ions

6 forp=1:P e

7 if Ppmbabilily <05, P orabability = rand

8

9

select carrion for the ith Tasmanian Devil. If the fitness value of the carrion is better, then it moves towards the carrion (that is, randomly disrupting several
elements based on the carrion), otherwise it moves away from the carrion. calculate the fitness value at the new position, update the position if it is better (update vector

order), otherwise keep the original position

10 else

11 strategy 2:feeding by eating prey (exploitation phase)

12 stage 1:prey selection and attacking

13 similar to strategy 1

14 stage 2:prey chasing

15 calculate a new position with the Tasmanian devil's position as the center of the circle (that is, disrupt the order of a specific number of consecutive elements

based on the original order). if the objective function at the new position is better than before, then update the position

16 end if

17 end for

18 save the best proposed solution O, so far
19 end for

20 return B

21  end function

24 HEEHREST

TR AP S RO b, BB N, IRV E 2R N O(N). Ja S 04T e 0 TR B AL e Sms X il
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SCHRGE IR B Sk S AR Sk AT LAl f ECAE SR, AT LR AR SCHR Y A 7 ) s A ik B B NB-ToT IR T2
R P00 T 10 3] 2 B3k T LAAR R B Ml 4 R TR

Ve o TETHSE
: Table6 Main simulation parameters
3.1 FEGZ=#IE parameter value
M éﬁ%% EP@/H\%/I\EEE u &EEE%% carrier frequency f/GHz 2
user number N 15000
DB E 50 53 Aa BT, R B R B R/ B satellite altitude /_/km 1 000
F1.2 —"lﬂf MAR EJ %ﬁ ik % Hfi }J\ ﬂ:/; Jj( ﬁ/j ﬁ ﬂ\j 2.5 E'(J satellite beam diameter D/km 400
ma /%E; j:Ja % %ﬁ , e /J\ {E jj 20 bytes , e j( {E jj transmit power P,/dBm 23
200 bytes i I%{ﬁ E%ﬁ%ﬁﬂﬂ %‘:2 6 Fﬁ‘/jf\‘ i request data size D, /bytes [20,200]
. . . N o . delay constraint d,/ms [50,100]
7'\] T ﬁ:—F — }/F gﬁ IIE%" % EI(J ﬁ 5& Iﬁ ’ /{Tr %E ":E' E/:J required reliability R, [90%~99%]
%“ % 5 $ ?‘ ﬁ 7)3‘2 2.-Itfl’j iﬁ] iJ%J ﬁx‘r‘ %‘ {2 N j( @( [10] jﬁtEE Hj total number of available subcarriers B 12
E(J $ % ﬁ Y})ii g ;"Ejb @ ﬁ ‘D % YZ-L: [/J\ & )‘L r‘éj( [2] TIEI': Hj total number of available subframes W 36 000

B 80 B AT 2 R R R T
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