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Abstract: The plan of studies to collective architectonics of Radio Access network (F-RAN) is agitated out by
baseband processing unit (BBU) that is affiliated to added limited radioactive by agency of links. Bend
processing is instead enabled by bounded caching of accepted agreeable. Focusing on the architectonics of the
supply appearance for an approximate strategy, a typical superposition coding access is proposed that is based
on the amalgam use of the links in both hard-transfer and soft-transfer modes. Adaptable bend networks
accommodate  accretion and caching capabilities at the bend of cellular networks. In this survey, accomplish
an all-embracing assay on the advanced assay efforts on adaptable bend networks. In addition, the optimal
user-centric array is studied, and an action acute the acute array is presented in absolute form, which reflects
caching assortment and spectrum efficiency. Extensive simulations are conducted for assay validation and
achievement evaluation. Numerical after-effects authenticate that the proposed acquisitive agreeable adjustment
algorithm can abate the boilerplate book manual adjournment up to 45% compared with the non-cooperative
and hit-ratio-maximal schemes. Furthermore, the optimal absorption is as well discussed because the influences
of altered arrangement parameters.

Previously proposed proactive caching strategies use bend caching alone and accumulation bombastic copies
on assorted bend nodes to abode anticipation uncertainty. In this paper, present a proactive caching action that
leverages ICN’s adaptability of caching abstracts anywhere in the network, rather than just at the edge, like
accepted agreeable supply networks.

Index Terms—Cloud radio access network, fog network, caching, pre-coding. Pre-fetching, mobility
prediction , vehicular networks, D2D, SDN, NFV and content delivery.
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I. Introduction

Cloud radio access network (C-RAN) is an arising architectonics for the fifth-generation (5G) of
wireless system, in which a centralized accouterments the processing functionalities of a set of limited radio
active, which are affiliated to the BBU by agency of links [1][2]. Recently, acquired arrangement architecture,
referred to as Fog Radio Access Network (F-RAN), has been proposed, which enhances the architectonics by
acceptance with caching and arresting processing functionalities [3]-[5]. The architectonics at duke is referred to
as an amalgam of and fog processing in the abstract [6]. The consistent are referred to actuality as added
(Figure. 1.1). As a cache-aided system, an F-RAN operates in two phases, namely the supply phases [7]-[11].
Pre-fetching operates at the ample time calibration to which agreeable acceptance charcoal constant.
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Figure 1.1 lllustration of an F-RAN, which has both cloud and bend processing capabilities
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The BBU, in the “cloud”, can accomplish collective baseband processing and able with bounded caches
intervals. Based on the supply phase, instead, operates alone on anniversary manual interval. The architecture of
the pre-fetching or supply phases was advised in [7]-[11] beneath the acceptance that links in an F-RAN are
leveraged in a hard-transfer mode, that is, to back to requested agreeable that is not present in the bounded
caches. In contrast, in this work, adduce atypical supply strategies that advantage the soft-transfer access that is
archetypal of C-RAN (see, e.g., [1][2]).

The lot of accepted proposed access is amalgam of hard- and soft-transfer modes that is based
on quantization and superposition coding. Anniversary enhanced remote radio heads eRRH transmits the
superposition of two signals, one that is locally encoded based on the agreeable stored in the accumulation
or hotlink via hard-transfer mode, and addition that is encoded at the BBU and quantized for manual on the link.

Machine Tran communications (MTC) accompany advanced ambit of new applications and casework
in wireless networks. Shariatmadari et al. [2] presented the accepted cachet and challenges of MTC for cellular
systems. A lot of important challenges cover massive amount of MTC devices, baby abstracts bursts, low-
latency, and low ability consumption. Research efforts accept been fabricated to board such MTC applications
from 4G to the arising 5G systems [5].
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Figure 1.2 Architectonics of MCC

The basic adaptable accretion arrangement adopted a 2-level bureaucracy who originally alleged
‘servers’ and ‘clients’ [6]. Later on, the analogue ‘cloud’ was acclimated to represent a accumulating of servers
with computational and advice resources, which leads to the analysis on Mobile Cloud Computing (MCC).
Adaptable accretion considers assorted mobile-related factors compared to the acceptable ciphering of loading
techniques, such as accessory energy, bandwidth appliance cost, arrangement connectivity, mobility,
acquaintance and area acquaintance [7], [8]. Assorted analysis online writing accept been appear absorption on
altered aspects of MCC. Guan et al. [9] and Dinh et al. [10] presented all-encompassing issues on adaptable
accretion including architecture, abstruse challenges and applications.

In [11], absolute works on adaptable platforms and admission schemes were discussed. The authors
compared two adaptable platforms; the Hyrax belvedere [12] and basic apparatus virtual machine based
cloudlets [13], and again advised able admission schemes utilizing the user's area. The authors in [7] abundant
the entities affecting ciphering of loading accommodation and presented abundant appliance models allocation
and the latest adaptable appliance models. Fernando et al. in [15] presented an abundant anatomy of adaptable
accretion based on the key issues and the approaches to them, such as operational issues, end user issues,
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account issues, security, acquaintance and abstracts management. User affidavit is cogent in accepting cloud-
based accretion and communications.

Alizadeh et al. [16] surveyed the advanced affidavit apparatus in MCC and analyze it with that in
computing. The claim of MCC can be abbreviated as follows. Firstly, it can accommodate acceptable assets for
adaptable accessories and has abundant flexibility. Secondly, the amount of MCC can be bargain due to
centralized administration of resources.

Figure 1.2 illustrate the accepted architectonics of MCC, which contains 2 tiers: the adaptable devices.
Despite the claim of adaptable computing, it faces the assured problems such as continued cessation
and backhaul bandwidth limitation due to the continued ambit from adaptable accessories to the Internet cloud.
Adaptable Bend accretion of Mobile Edge computing (MEC), which arrange  servers in abject stations, is able
band-aid for the botheration back the ciphering adequacy is to the adaptable accessories [17].

The allowances of MEC abide of low latency, proximity, top bandwidth and absolute time radio
arrangement advice and area awareness. MEC is one of the key technologies for the next bearing 5G networks
by the European 5G PPP(5G Infrastructure Public Private Partnership) [18]. Ahmed and Ahmed in [19] declared
the anatomy of MEC based on altered aspects including its characteristics, admission technologies, applications,
objectives and so on.

Proactive caching is an admission proposed for added able agreeable dissemination. Unlike
acknowledging caching strategies, which accumulation advanced requested agreeable [1, 2, 4, 18], proactive
caching fetches adaptable user’s advancing agreeable of absorption advanced of time. Proactively attractive and
caching agreeable can abate the cessation of retrieving anticipated agreeable requests, while abating cartage [5,
13]. It is the capital band-aid proposed for mitigating the cessation costs acquired by handovers in several
settings such as LTE and Wi-fi admission [7, 11, 20] and approaching Internet architectures [12, 17, 20].

1. Related work

In the accepted of publish/subscribe systems, the plan in [9] proposes to proactively alteration and
accumulation adaptable user’s subscriptions at all brokers that are one-hop abroad from the accepted agent the
user is affiliated to. Therefore, the authors abode ambiguity by caching redundantly at all next hop brokers. Plan
in [20] aims at abbreviation the aerial of caching at all neighbors by selecting a subset of them for caching. For
IEEE 802.11 wireless networks, in [20], the alternative is fabricated based on a history of patterns.

While careful acquaintance caching reduces the back-up compared to caching at all neighbors, it still is
bound in its adeptness of acclamation the ambiguity in admiration adaptable user next location. In accession to
that, it alone considers caches at the bend and does not accede proactively caching at levels up in the network.
This plan is again continued in [26] to a two-level accumulation bureaucracy by analytic an enhancement
botheration that minimizes the alteration adjournment of the agreeable to the user accountable to accumulation
storage.

I11. Literature Review

Although the agreeable adjustment botheration has been abundantly advised in active networks, the
architecture of adaptable bend caching is almost beneath developed, due to the appearance of user mobility,
hotlink connectivity and approach superior [14], [22]. When anniversary BS provides account independently,
the popularity-based accumulation adjustment arrangement (i.e., anniversary BS food the lot of accepted
contents) has been broadly adopted to aerate the agreeable hit arrangement [23]. The cooperation a part
of BSs can added enhance caching efficiency, which is added arduous back the caching accommodation of one
BS can be afflicted by adjoining BSs [24]. Absolute works on accommodating adaptable bend caching can be
classified into two categories based on the activated arrangement information, i.e., complete advice and
academic information.

V. Mobile Edge Computing
Mobile edge computing accretion has fatigued abundant absorption of industries and the academia. In
industries, the ETSI has launched an Industry Specification Accumulation Group (ISG) on MEC in December
2014. The ISG produces blueprint what accredit the hosting of 3rd-party applications in an accepted MEC
ambiance [17]. The accumulation has delivered several blueprints on account scenarios, requirements,
Architecture and APIs.
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Figure 4.1 Architectonics of MEC.
Figure 4.1 shows the architectonics of MEC. MEC servers are amid in adjacency of abject stations.
They can either handle a user appeal or acknowledge anon to the UE or advanced the appeal to limited abstracts

centers and agreeable administration content distribution networks.

V. Fog Computing
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Figure 5.1 Architectonics of Fog computing.

Fog computing accretion is an advised mainly for Internet of Things use cases. Its basic fog nodes are
massively broadcast in advanced area. The capital affection of fog is that it utilizes collaborations an allotment
of assorted end user audience or near-user bend accessories to advice processing and accumulator of mobile
accessories. Compared to Cloud, Fog has advantages in three dimensions: abject storage, accretion and
ascendancy functions, advice and networking at or abreast the end user [4]. In the appearance of fog computing,
the bend is allotment of the amount arrangement and abstracts center.

Fog and added to accomplish computing, accumulator and advice accessible anywhere forth the
continuum amid endpoints. Fog accretion is chip to the C-RAN architectonics to codify the Fog RAN
architectonics. The architectonics of fog accretion is apparent in Figure 5.1. It contains three layers: layer,
fog band and accessory layer. The Fog band may accommodate assorted tiers according to the requirement. The
Fog bulge could be baby BSs , vehicles, WiFi Access Point and even user terminals.

VI. Edge Caching

Caching in the adaptable bend arrangement has been accepted beneficial. The approaching adaptable
networks will be amalgamating due to close deployment of altered types of abject stations. Thus, accumulation
can be deployed at assorted places in the adaptable networks. In bequest cellular system, the agreeable requested
by users has to be fetched from the Internet CDN bulge far abroad from the adaptable networks. Then, caching
agreeable at the adaptable amount arrangement is implemented. However, the links are still constrained. In
addition, with the object and low amount accumulator unit, deploying accumulation at macro abject stations and
stations become feasible.
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In the approaching 5G networks, D2D advice enables the accumulator assemblage at user accessories
to be exploited for agreeable administration according to the amusing relations and allotment of users. An
accepted architectonics of bend caching is apparent in Figure 6.1.
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Figure 6.1 Archltecture of edge caching.

| froaghe Clawd | | Anmmara Web Services

ERE X NN 3

Figure 6.2 Architectonics of cloudlets.

The cloudlet angle is a 3-tier architecture:

Cloudlets could be deployed at Wi-Fi admission credibility or LTE abject stations [13]. Many new
applications crave end to end cessation of 1ms. theoretically, 1 ms of advancement adjournment requires a
cloudlet aural 300 km even at the acceleration of light, in reality, Cloudlets should be deployed abundant to
ensure the adjournment requirement. The aggregate of 5G cellular networks and cloudlets will accomplish this
accessible [25]. Figure 6.2 accepted architectonics of Cloudlet systems. To affect the bound capabilities of
individual cloudlet, cooperation a part of altered cloudlets is all-important in adjustment to accommodate the
user demands [15]. An allegory of altered adaptable accretion architectures is abbreviated in Table 6.1.
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Item MCC MEC Fog Computing Cloudlet
Originally proposed | Not specific ETSI Cisco Prof. Satyanarayanan
by
Hierarchy 2 tiers 3 tiers 3 or more tiers 3 tiers
Latency High Low Low Low
Ownership Centralized by cloud | Maobile operators Decentralized Fog n- Local business
providers:  Amazon, ode Owners
Microsoft, etc.
Sharing Population large Medium Small Small
Location Large data center RAN between devices and | between devices and
Dc DC, or directly in a
device
Context awareness Mo Yes Yes Could be
Cooperation between | No No Yes No
nodes

Table 6.1. Comparison of altered adaptable accretion architectures.

VII.  System Model

In this work, NDN-based vehicular arrangement area cars are able with a vehicle-to-infrastructure
(V21) technology that allows them to affix to the Internet courage forth the way as apparent in Figure 7.1.
Accomplish any assumptions about the technology acclimated by vehicles. It could be Dedicated Short Range
Communications ( DSRC ) to affix to RSUs or WIF to affix to APs or LTE to affix to cellular abject stations
(BS). Accredit to the accessory that connects cars to the active arrangement as an RSU . However, it could be
alternate with an AP or BS. The amount arrangement is composed of NDN RSUs and NDN routers that are able
of caching, acquisition and forwarding called agreeable as declared in area 2.1. Cars absorbed in accurate
agreeable forward absorption packets, which application the PIT and FIB abstracts structures are forwarded
appear the aboriginal publisher. Similarly, average nodes, whether RSU or router, accumulate forwarding unless
the agreeable is begun in their CS.

Figure 7.1 : System Model - VVehicle to NDN Infrastructure

The proactive caching strategy, which is action that pre fetches and caches agreeable it is requested, do
not accomplish any assumptions about the acknowledging accumulation action installed on the router, i.e., the
action for agreeable already requested as it is casual through anniversary router.
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VIIl.  System Model And Formulation
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Figure 8.1: Adaptable caching with user-centric amassed services.

The accepted a constant adaptable arrangement with bend caching, area capacity can be partially or
absolutely stored at anniversary SBS afterwards getting coded into segments, as apparent in Figure 8.1. The
capacity is characterized by acceptance based on the hit rate, to assorted adaptable casework such as videos
streaming, HD map, amusing media, news, software update. When a user raises agreeable request, it can be
served by an array of applicant SBS s, depending on the agreeable caching states. If the requested agreeable is
cached, the user fetches the coded segments anon from applicant SBS s in ascendance adjustment of manual
distance, until the acquired segments are acceptable for decoding. In addition, if the acquired segments from the
caches of all applicant SBS s are bereft for decoding, the abutting SBS will back the actual ones from limited
servers through and again bear to the user through wireless transmission. If the requested agreeable is not stored
in cache, the abutting SBS will back the accomplished agreeable from limited servers. Therefore, the manual
adjournment depends on the agreeable placement.
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Figure 8.2 Account actions with user-centric clusters.
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The account breeze blueprint is accustomed to Figure 9.1, If the array is K = 2, Figure.8.2 illustrate the
abundant account action with altered accumulation ratio to Figure 8.3. Notice the downloading adjournment is
lower at SBS-B1 compared with that at SBS-B2, which will be analyzed in data later. In addition, the
adjournment will add access if attractive the actual segments from limited servers, due to the back haul |
transmission. Thus, accretion cf helps to abate manual adjournment of file-f, as apparent in Figure 8.3. As
agreeable adjustment should be able-bodied advised to abbreviate delay the capital notations are listed in Table
8.1.

Motation Definition / Description
P Density of SB5s
A Density of active users
F The number of files in the file library
f File index, f =1,--- ,F
qf File popularity of file-f
L Length of each coded
Sy The number of coded segments of file-f
of The number of coded segments of file- f cached
C Cache size of each SBS
K SEBS cluster size
By The kth nearest SBS, B =1,2,--- | K
B ¢ Downloading ratio at By if file-f is requested
0 Awverage ratio of traffic served by By
W Awailable system bandwidth
) Ratio of bandwidth allocated to Group-k users
N Mumber of Group-k users served by a 5B5
£ Spectrum efficiency of Group-k users
Fy, Transmission rate of Group-k users
Pr Transmit power of SB5s
dy. Transmission distance of Group-k users
o Fath loss coefficient
a? Addictive Gaussian noise power density
I Inter-cell interference received by Group-k users
D Average fransmission delay
Request
§ filef
Time Iz
'y At
¢ . l l l l l End of
d Service
Serving by SBS-B, via cache, I segments download
| l l l l End of
?S-" <, <5, sas Senvice
Senving by SBS-B, Senving by SBS-B,
¢, segments download (5, —=,) segments download
oL End of
=5 Service
Serving by SBS-B, Serving by SBS-B, Serving by SBS-B, via backhaul
€ segments download ¢, segments download (5_; — 3¢, ) segments download
¢, =0 | End of
| | | | Service

Serving by SBS-B, via backhaul, I, segments download
Figure 8.3 Segment downloading analogy if array is 2.
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IX. Simulation Results
In this section, validate the acquired analytic after-effects of all-encompassing system-level
simulations; appraise the achievement of the proposed acquisitive caching algorithm, and abstraction the access
of arrangement ambit as array size. Important simulation ambit is set as Table 9.1. Both real-world abstracts
trace and Zip acceptance administration are adopted. The real-world abstracts trace is crawled from YouTube
area some video owners fabricated their video appearance statistics accessible to public and the appearance bulk
advice is recorded on a circadian basis. Here about crawled 1000 videos on May 2017.

FParameter Value Parameter Value
Pr 1W X )
W 10 MHz DgH 200 ms
P 50 /km? A 500 /km?
a2 -105 dBm /MHz Iy -75 dBm/MHz
Ia =70 dBm/ MHz Iy -68 dBm,/MHz
F 1000 L 1
sg 1000 L 1000 bit

Table 9.1: Simulation measures

Optimal Array Size

As analyzed in antecedent context, the array measurement influences the agreeable assortment and
spectrum efficiency. Figure 13 reveals the arrangement achievement with altered array sizes.

As apparent in Figure 9.1(a), the boilerplate adjournment can be minimized if the array
admeasurements are 4. In addition, if the array measurement exceeds 7, the boilerplate adjournment decreases
with the array size that the account of accommodating caching will vanish if the array admeasurements are too
large. In this case, it is optimal to abundance the lot of accepted files as a whole, to abstain users served by SBSs
added away. The simulation after-effects are constant with the analytic ones. In fact, the array influences the
caching assortment and spectrum efficiency. As array measurement increases, users can back files from added
SBSs, which increases caching assortment admitting degrades spectrum efficiency. Accordingly, the optimal
array should antithesis the abbreviate boilerplate manual delay.

The optimal array depends on the SBS density, apparent as Figure 9.1(b). Specifically, beyond array
sizes are added advantageous in denser networks, due to the bargain manual ambit and aisle accident on
average. For example, the optimal array apparent to be 4 if the SBS body is than 54 /km2, but becomes 7 if the
SBS body added increases. Consider addition archetype if array equals to 7. The apparent to be no non-
cooperative caching if the SBS body is 45 /km2. In this case, the action of Proposition 2 (i.e., Egn. (25)) cannot
be satisfied, as the caching assortment accretion is afflicted by the spectrum ability abasement due to the
continued manual distance. However, the decreases decidedly if the SBS assortment exceeds 45 /km2. Then, the
action of Proposition 2 holds with bargain spectrum ability degradation, and appropriately accommodating
caching improves adjournment performance. Notice that the optimal array increases with the delay, apparent as
Figure 9.1.
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Figure 9.1 Performance with altered array admeasurements K.
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The acumen is that accretion agreeable hit arrangement is added advantageous if backhaul adjournment
is higher, which can be accomplished by accretion array size. Figure 9.2 added demonstrate the capability of
optimizing array size. The manual adjournment increases with the backhaul adjournment behind of array size,
admitting the accretion ante are different. If the array admeasurements are a constant, the boilerplate manual
adjournment is apparent to access about linearly with backhaul delay. If the array is optimized, the boilerplate
manual adjournment increases sub-linearly.

For illustration, compared with the non-cooperative caching (cluster set to 1), the boilerplate
adjournment can be bargain by about 25% and 45% through array optimization, if the backhaul adjournment is
400 ms and 1 s, respectively. The important insights for appliance is that the array admeasurements should be
adapted based on the arrangement constant and status.

For instance, if the backhaul is chock-full during blitz hours, the user-centric array should enlarge to
access agreeable hit arrangement and abate backhaul pressure. Instead, if the cartage amount decreases at
midnight, users can just back files from home SBSs with the array compress to 1.

X. Concluding Remarks

In this work, advised the collective architectonics of edge processing for an F-RAN architectonics in
which anniversary bend bulge is able with bounded accumulation and baseband processing capabilities. For
mobile edge computing, the proposed schemes of ciphering of loading are abundantly surveyed and classified.
The issues of co operations amid the bend and the amount as able-bodied as some absolute bend accretion
platforms are presented. The atypical applications and use cases are the apprenticed force of the adaptable bend
arrangement architectonics.

Proactive caching can be a key enabler for abbreviation the cessation of retrieving advancing agreeable
requests, for administration handovers and for abbreviation traffic. Locating the attractive bulge relies on
predictive methods such as Markov predictors to locate adaptable entity’s next location. For top achievement
gains, these methods charge be circuitous to accomplish top accurateness or proactive bend caching schemes
charge to wait on back-up to ensure accumulation hits. This cardboard presents an entropy-based proactive
action that measures the ambiguity in Markov-based predictors, leverages ICN’s adaptability of caching
anywhere in the arrangement and locates the pre attractive bulge that minimizes uncertainty, eliminates back-up
and ensures a top accumulation hit rate.
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