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Figure 1 (Color online) System model.
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Table 1 Parameter for system model.
Parameter Representation Meaning
User index i Represents the i-th user, total of I users
Satellite index i Represents the j-th satellite, total of J satellites
Total system bandwidth B Represented by the number of subcarriers

Total number of time slots in the system W

Time-domain resource index p,T
Frequency-domain resource index q,s
Conventional data block time-domain

Wi

length
Conventional data block frequency-domain b
width

i

Al data block time-domain length wfi
Al data block frequency-domain width bgt
Conventional data block value P;
AT data block value Pi‘”
Conventional data block placement

. Zipq
decision
AT data block placement decision Ziptq!
Satellite service type Si
User service type U
Service type matching weight 0i5

Represented by the number of time slots
Belongs to the set X =1,2,..., M

Belongs to the set Y =1,2,...,N

Number of time-domain resource units occupied by user i’s
conventional data block

Number of frequency-domain resource units occupied

by user i’s conventional data block

Number of time-domain resource units occupied by user

i’s Al data block

Number of frequency-domain resource units occupied by
user ¢’s Al data block

Value of user ¢’s conventional data block

Value of user ¢’s Al data block

Indicates whether user ¢’s conventional data block is
placed on resource grid (p, q)

Indicates whether user ¢’s Al data block is placed

on resource grid (p’, q’)

Identifier of the Al service type that satellite ¢ can process
Identifier of the Al data service type sent by user j
Represents the service type difference between user i and

satellite j, usually |s; — u;|
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Figure 2 (Color online) Resource placement of NPUSCH.
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*2 MESH.
Table 2 Simulation parameters.
Parameter Value
Number of users N 100, 500 (units)
Conventional data packet size w; X b; U(10,20) (resource grids)
Frame size W 5000 (resource grids)
AT user ratio pg; 5%
Number of AI data packets Ng; U(20,40) (units)
Al data packet size w@® x b3t U(30,40) (resource grids)
Number of Al service types k 6 (types)
Number of satellites K 6 (units)
Satellite computing capability Csat U(0.2,0.6) (normalized value)
Al data packet computation load Cy; U(0.5,1) (normalized value)
Shadow fading standard deviation o4 qdow 8 (dB)
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Figure 3 (Color online) Total value via user count. Figure 4 (Color online) Access number via user count.
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Figure 5 (Color online) Allocation time via user count. Figure 6 (Color online) Average Al calculate time.
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Abstract In this paper, a resource placement optimization scheme based on frame structure is designed for the
NTN-IoT network with intelligent on-orbit service functions. Multiple satellites with on-orbit reasoning function
serve many ground users, and these ground users mainly produce conventional communication data and a small
amount of Al reasoning data. Therefore, satellites need to reasonably arrange the frame structure of these data. In
this paper, we formulate the problem according to the frame structure characteristics given by NPUSCH (narrow
band uplink shared channel), and further formulate the problem as 0-1 knapsack problem. For the purpose of
resource placement efficiency, this paper designs a branch and bound based method, which first processes the
communication information of users and then allocates AI data. The simulation results show that the proposed
scheme can improve the spectrum efficiency, which provides an advantage for the access of massive users. At the
same time, the proposed scheme can also reasonably place the Al data to reduce the average inference time.

Keywords NPUSCH, IoT, frame structure, mass access, on-orbit reasoning



