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O There exists a gap between the large demands of UEs and the
limited capabillities of network infrastructures

- Centralized global signal processing, management, allocation for communication,
caching, and computing resources

- Heavy burden between ever-increasing demands and traffic

- Large energy consumption from the cloud to the UEs

O NOMA-based F-RANs improve the network throughput and spectrum
efficiency by resource sharing

- Abilities of resource management, distributed signal processing, edge computing, and
caching in F-RANs

- SE improvement by the NOMA protocol which allows the UEs to access the F-Aps
simultaneously with the same subchannel and various power

0 Multi-domain resource allocation is needed in 5G and 6G networks
with energy-efficient networking technique



D deas 7

O Integrate the NOMA-based transmission and file caching in F-RANSs
and jointly allocate the caching and communication resources

- In the caching phase, F-Aps are responsible for caching files according to the file price

and user requests to further reduce the transmission energy and burden of backhaul
links.

- In the transmission phase, F-APs serve multiple FUEs via the NOMA protocol in the
F-AP mode, underlaid with the RRHSs in the cellular mode.

- Formulate a resource allocation problem to maximize network profit, which takes both
cost of caching and energy efficiency into consideration.

O Decompose the problem into the CP sub-problem and RRA sub-
problem, and propose two algorithms.

- For the CP sub-problem, propose a simulated annealing iterative method

- For the RRA sub-problem, propose a hierarchical Stackelberg game: a non-cooperative
power allocation algorithm, and a one-to-many subchannel matching algorithm

O Examine the impact of the proposed method and verify the efficiency
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O NOMA-based F-RANs comprising the cloud server, F-APs,

RRHs, and UEs.

O F-AP mode: F-AP---FUE; RRH mode: RRH---RUE:
Cloud mode: cloud---F-AP---UE



System model

Caching model:
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Transmission model
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Problem solution

Decomposition- Algorithm 1 Cache placement (CP) algorithm

1:

0 Caching placement sub-problem

Initialize: the CP, user association, and the price
randomly as 1o, &o, 6p, which satisfy constraints
(12a), (13a)-(13d), the initial profit of the cloud as

U(0), and that of F-APs as V(0), t =1, k, T

The optimization problem for cloud 2 while [v(t)~v(t-1)| > ¢ do

3:

max U

On. s
5.t. 0 < e'n,f < Omax, VN € N, Vf c F :
6:
The optimization problem for F-APs i
0:
max V 0.
ﬂn:f:‘sn:f 1
s.t. E'ﬂ,,f S {D, 1}= Yn € J\.'f._, Vil c ﬁj

N 12:
an.z =1, vieL, 13:
ne1 14:
15:

Compute the difference of the evaluation func-
tion between two solutions, dE = V(n;41,&11) —
Vi(ne, &)
if dE > 0 then
Update n 1 =1, §e41 =6
else
exp ($%) > rand(1)
Update ni+1 = nt, E41 = &
Change the temperature, T' = 7T
t=1t+1
Return 7, s to the cloud and compute the profit
function U by expression (12)
Update 8 = 60 + Ag
Return 6* and output U
end if
end while

L
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=1

M, f € {0,1}, Vn e N, Vf e F



Problem solution

Decomposition:

0 Radio resource allocation sub-problem

The optimization problem Leader: F-AP power allocation
EE N Q,
{g}ﬁp > Z 9n.q
: max g
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yr n €{0,1}, Vn e N, by < 3%, Yne N
an =1, Z Yrm < M Follower: RRH subchannel matching
n—1 1. Players: F-APs in A" and RRHs in R.
2. Strategies: The strategy set of the F-APs is
‘ constituted by all members in the set of RRH R, and
vice versa.
StaCkelberg game 3. Utility: The utility of the F-APs is EE and

the utility of the RRHs is the suffered interference
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Problem solution

Leader: F-AP power allocation Follower: RRH subchannel matching

Algorithm 3 One-to-many matching based sub-

. T N channel allocation algorithm
Algﬂrlthrﬂ 2 N'}n CDDPQI ative gﬂmc baﬁCd pﬂ“ er 1: Initialize: the preference lists of all players. Denote

allocation algorithm S. = {1,2,..., N} as the set of F-APs which do not
match any RRH yet and Sm = @ as the initial set of
F-APs which match certain RRHs

1: Initialize: p;, ,(0) according to the average power

distribution scheme, 1 =1 2: while S. # @ do
2: while p}, (i) # 0 do 3 forn MY _
: 4: Each F-AP sends the request to the RRH with
3 for n £ Jﬂ'-"" do the highest ranking from set |
4: Calculate the optimal power value according to 5: . end for
6: for » & R which receives a request from n do
Eq. (21) 7 if m, = 0 then
5: if p;# [:1,} = p:t_q{z'. — ]_} then 8: RRH r accepts the request directly. m, +
G cheat my + 1. Mark Znr = ¥rn = 1 and remove '.n
from Sy to Sn; prefer n to its current candi-
T end if date n', if there exists any feasible FAP n
8]: end for o if 0<m, < M then
. 10 r holds n as a partner. Mark =, . = U, =
9: end while | and remove n from S. to Sm. 'rn.;. i
me+ 1
11: if m. = M then
12: RRH r accepts F-AP n if it ranks higher
than any current candidate and removes
the F-AP item n’ which ranks the low-
est at that time. Mark Tn,r = Urn =
l, Trvp = Ypne = 0, remove n from Sy
to S, and remove n' from S, to S,
13: elze
14: RRH r rejects the request directly and
removes RRH r from PLy—apn
15: end if
16: end if
17 end if
1% end for

1%: end while




Simulation results
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Simulation results
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O We focus on the resource allocation in NOMA-based F-RAN
with the F-APs of edge caching, computing, and
communication capabilities.

O We formulate an optimization problem for network profit
maximization by jointly optimizing CP, pricing of files, and
power and subchannel allocation.

O Two sub-problems are formulated to solve the NP-hard
problem easily.
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