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Abstract  With the rapid growth of network traffic in recent years, edge computing has become
an important method to reduce network load, increase network capacity and improve service quality.
In this context, mobile content delivery network (mobile CDN) has been gradually adopted by
ISPs. Within a mobile CDN, cache nodes are deployed in the mobile network, i. e. , the radio
access network (RAN). In the LTE network, the cache nodes in RAN sink to the base station. The
main feature of RAN cache is that the single node only covers a small number of users; the storage
capacity of a single node is limited, while there are many nodes in RAN. Therefore, it is necessary to
perform cooperative caching. Besides, users share their cache space through wireless network by
cooperative caching. Compared with traditional CDN system, the mobile CDN newly adds a

cooperative caching layer in RAN and a cooperative layer on user side. So far, there is no exact
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solution on which caching allocation and replacement strategy should be used and how to coordinate
between multi-layer caches in mobile CDN system. In this paper, we establish an optimization
model for mobile CDN hierarchical cooperative cache system, aiming to minimize the overall link
cost of user access to resources. Based on this model, we proposed a heuristic hierarchical utility-
based cooperative caching (UCC) strategy based on real user demands. UCC makes cache decisions
according to the global utility value of the cache resource to reduce the cost of resource access as
much as possible. Simulation results and trace-based verification experiments show that the
proposed strategy can significantly reduce the average link cost of resource access, effectively
improve the cache hit rate. The main contributions of this paper are as follows: (1) For the first
time, this paper builds a unified model of the multi-level cooperative caching system in mobile
CDN scenario. In this model, the core network cache, the RAN cooperative cache and the user-
assisted cooperative cache are united to solve the resource delivery and cache replacement problem
of cache nodes in the same level and between different levels. (2) According to this model, the
problem is closely related to a knapsack problem which is known as NP-Complete problem and
hard to solve. Assuming that the optimal solution can be obtained with linear time, many
operations such as resource transfer and cache replacement need to be performed between the
optimal solutions at different moments, which would result in heavy transmission load and mobile
data consumption. Thus a utility-based cooperative caching strategy UCC is proposed to make
user access resources as close as possible. (3) Simulation experiments and trace-based verification
experiments are designed to verify the performance of the proposed strategy, and other currently
widely used caching strategies are implemented in mobile CDN system for comparison. Simulation
results show that UCC can reduce the link cost by 10% and improve cache hit rate by 20%
compared with the cooperative list-based strategy cLRU(m). Furthermore, we design trace-based
verification experiment using real data from China Mobile. The experimental results show that the
proposed strategy still has obvious advantages over other widely used caching strategies under the
conditions of different load.

Keywords mobile content delivery network; mobile edge computing; hierarchical cooperative

caching; cache replacement strategy; device-to-device
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EfE M IE. 78 D2D L i XK . UE Z [0 /5 ZEA7 7 10. ENDIF
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&) —] o > P — e 13 F()R ue i M D()

FURBTE ) — JE 0 947 R e — b x5S 280 g o
14. IF n in ue THEN
AR
15. RETURN (A_UE ,ue)
2 T =0, Vn&eN,VmeM (10) 16. END IF
. éieM\‘”/;' et e 17. END FOR
1%-&5’%?/]\7%’%3@ ,FﬂfﬁTfin’ﬁE. o 18.1F n in epe THEN
*%}quja/l\i Lms Yy < iéjj‘j 0-1 /X\ﬁe%:z/j_\‘li 19, RETURN (EPC,epC)
PHEEGRATERE. TEEGEENREETYY 20. END IF
W BE AN BAE LB BE R 4 s 55 1 2 W BAER 21. RETURN (INTERNET,nulD)
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Hix 1. WHERBCRIE get_source(i,n).

BN RORIERI P 4 3E R »

i IESR IR 2 IR level, WEIRRIR ST source

1. LEVEL={INTERNET,EPC,A_ENODEB,

ENODEB,A_UE ,UE}

2. IF n in: THEN

3. RETURN (UE, )

ELSE IF n in eNodeB; THEN
RETURN (ENODEB,eNodeB;)
END IF
FOR ¢NodeB in K DO
IF n in eNodeB THEN
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. &
1. LEVEL={INTERNET,EPC,A_ENODEB,
ENODEB.,A_UE ,UE)
2. (level,source) = get_source(i,n)
3. pos=[]
IF level==INTERNET THEN
pos.add(epc)
END IF
IF level <<ENODEB THEN
pos.add(eNodeB;)
END IF
10. IF level/<<UE THEN
11.  pos.add(2)
12. FOR p in pos DO
13.  ut=calculate_utility(p.n)
14. 1IF wvolume,; =s, THEN

g

Re) oo ~ (2] l

15. Cache resource n
16. ELSE IF sum(ut,., ;i )<ut AND
sum(size,,, iy ) =5, THEN

17. Cache resource n, replace resource res_list
18.  ELSE

19. Do not cache resource n

20. END IF

21.  Update utility of n and res_[list in other nodes

22. END FOR
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