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Abstract—Network slices face challenges in supporting dynamic
requests from user equipments (UEs) due to the resource con-
straints at the edge devices. This may result in potential anomalies
due to resource unavailability or latency spikes. Existing schemes
are hard to apply due to the lack of flexible steering of UE
requests and multiplexed provisioning strategies. In this paper,
we present a novel request provisioning model and propose a
traffic steering framework to prevent anomalies and reduce the
cost of serving normal UEs. Specifically, we categorize the UE
requests into stateful and stateless types and utilize a multi-
route resource provisioning strategy to address the UE anomalies.
Additionally, the framework incorporates bandwidth-aware route
selection and load balancing across multiple routes to improve the
service bandwidth for UEs. Simulation results demonstrate that
the proposed framework effectively reduces both the number of
anomaly UEs and cost compared to existing baselines.

Index Terms—Network Slicing, User Traffic Steering, Anomaly
Prevention, Load Balancing.

I. INTRODUCTION

In recent years, rapid developments in network technologies
have facilitated the integration of network slicing technology
into 5G/6G systems, supporting diverse use cases such as
Internet of Things, smart city, and edge computing [1]-[5].
Built on top of the physical networks, network slicing trans-
forms the single physical network infrastructure into multiple
independent virtual networks and enables network functions
to be decoupled from dedicated facilities. Network slices can
be flexibly configured and adjusted to support customized ser-
vice quality assurance, achieve resource isolation for different
business types, and cope with the dynamic and heterogeneous
requests from users [6].

In supporting the requests from user equipments (UEs),
network slices initialize virtual network functions (VNFs) on
physical facilities such as edge servers (ESs) or routers, and
UEs associated with the slices obtain resources from these
virtual nodes. Unlike services provided directly by physical
ESs, VNFs can be dynamically migrated to different physical
hosts through customized slice settings, and elastically scale
resources according to changes in user behavior [7]-[9]. How-
ever, the supply of requests from numerous users also faces
challenges. The users’ requested resources may be difficult to
meet within the specified delay requirements, especially in the
resource-constrained scenario of edge-cloud integration. Under
these circumstances, it is vital to investigate efficient resource

provisioning strategies to improve the overall quality of service
(QoS) to UEs and cope with potential anomalies.

There has been lots of research about resource provision-
ing in network slices, for instance, Masoudi et al. proposed
an energy-optimal end-to-end network slicing framework for
cloud-based 5G networks [10]. They developed a slice-based
resource allocation algorithm that jointly optimizes bandwidth
and processing resources to minimize the total network energy
consumption while meeting slice-specific delay requirements.
Besides, the authors in [11] studied UE resource provisioning
in 5G network slicing and proposed a two-phase framework
to allocate bandwidth and computing resources for UEs from
the infrastructure provider’s perspective. Additionally, in [8],
they proposed to reserve resources to meet the slice QoS
when the UE number is uncertain and the resource demand
fluctuates randomly, and demonstrated the advantages in im-
proving revenue, resource utilization, and interference control.
However, in real-world network environments, there can be
multiple requests from multiple UEs in each time slot, these
studies didn’t consider the load balancing among multiple
user requests. The requests can be more evenly distributed to
different facilities, which helps to balance the allocation of
system resources and thus improve the overall robustness to
cope with the UE anomalies due to resource unavailability.

On the other hand, Qiao et al. discussed resource allo-
cation in open radio access network slicing and proposed a
multidimensional framework to improve heterogeneous QoS
and reduce the resource cost of network service providers
[12]. The framework implicitly dealt with the load-balance
problem by considering the fair utilization of resources to
improve the allocation efficiency in the spatiotemporal action
scale. In our previous work [13], we proposed a prediction-
based anomaly detection and resource provisioning method to
detect the potential anomalies in network slices and improve
the quality of experience of UEs by deciding the resource
allocation strategies with UE information prediction. How-
ever, to prevent anomalies, UEs’ requests can be segregated
to be stateful/stateless to enable slices with more flexible
resource provisioning strategies, as stateful requests associate
with specific VNFs over time slots while stateless does not.
Additionally, even for each single VNF that provides resources
to UEs, it is still possible to introduce multiple routes formed
by different routing nodes to improve the serving bandwidth,



which are rarely considered.

To address these issues, in this paper, we investigate more
flexible traffic steering of resource provisioning in network
slices, consider a novel model that combines stateful and state-
less requests segregation, multi-route resource provisioning,
and load balancing among different routes to prevent anoma-
lies. We formulate the optimization problem of minimizing the
number of anomaly UEs and the cost of mobile network oper-
ators (MNOs) for serving normal UEs. To solve this problem,
we propose a traffic steering framework to generate candidate
VNFs and routes for UEs with their requested resources,
latency, and mobility pattern considered. Particularly, we utilize
a bandwidth-aware route selection strategy to improve the
serving bandwidth for UEs using a modified Dijkstra algorithm,
which performs a different goal as finding the route with
maximum bandwidth [14]. After that, we dynamically allocate
resources and bandwidth from routes that satisfy the UEs’
latency requirements in a scaled load-balancing manner to
mitigate the bandwidth unavailability in specific nodes. Based
on extensive simulations, we demonstrate the advantages of
our proposed framework in terms of reducing the number of
anomaly UEs and the cost of MNOs. The contributions of this
paper are as follows:

« We consider a novel model for UEs’ request provisioning,
segregate the requests to be stateful and stateless, and
utilize multi-route resource provisioning and dynamic load
balancing strategies to cope with the UE anomalies caused
by resource unavailability.

o We propose a flexible traffic steering framework to gen-
erate candidate VNFs and routes for UEs based on their
requests. Particularly, the framework utilizes a modified
Dijkstra algorithm to achieve bandwidth-aware route se-
lection to improve the serving bandwidth for UEs.

o Simulation results demonstrate the advantages of our
proposed framework in terms of reducing the number of
anomaly UEs and the cost of MNOs.

The remainder of this paper organizes as follows. Sect. II
shows the model and formulates the problem. In Sect. III, we
propose the algorithm to solve this problem. Simulation results
are in Sect. IV, and Sect. V concludes this paper.

II. SYSTEM MODEL AND PROBLEM FORMULATION
A. System Model

We consider a general system model in an area for user
traffic steering in 6G network slicing, as shown in Fig. 1.
Specifically, at the bottom of the figure, there are multiple UEs
geographically distributed in different areas and are connected
to the base stations (BSs) or routers through cellular links
as access points (APs). Here, the BSs are serving outdoor
devices, and the routers are for indoor devices. Each BS is
equipped with a small ES with limited resources like CPU,
storage, and bandwidth, while the routers have similar resource
constraints. These APs are connected to each other via high-
speed optical links and to the core network by backhaul
links, while the core network exchanges the data of multiple

P

Internet o @ Siice 3
@ v D Siice:2
Resource 3
nods (e N i ~@-. @
network \ @ = .
Resource @ slice1
nodes \ i
\ /
\ /
Traffic Steering ‘\‘ !
\ CPU Bandwidth
------------------------------- Y Node 5| ram P

o= (2
-3 Profile Disk

¥ Distributed

Gateways Request

Mobility

L) 1
B, @ v [ Cour _ Optial AW

’
1 ((A)) Base
i Station [=] Link Link

Fig. 1. The considered network architecture for user traffic steering.

BSs/routers. Particularly, for the BSs that are extremely far
away or belong to different domains, the data needs to be routed
by the Internet. We uniformly define the ESs and routers in the
system as physical nodes.

To serve the heterogeneous requests from UEs, multiple
VNFs are initialized on top of the physical nodes and are
partially connected via virtual links built on top of the physical
optical links to form network slices. The connected AP of
each UE collects the information from UEs, which includes
the requested amount of resources, the latency preferences, and
the position of UEs. Afterward, all APs collaboratively decide
the target VNFs and routing strategies for the UEs and steer
the requests based on the decisions. Over time slots, the UEs
change their request information, and the system tries to satisfy
the new requests based on the slice configuration and decides
the new policies for resource provisioning. When UEs’ requests
cannot be fully supported, anomalies may occur, and the slices
need to be adjusted partially or globally [7]. We assume each
UE can only be served by one slice during each time slot and
neglect the details for slice initialization.

We denote the set of UEs in the system as U, the requested
resources, latency, and position of UE u € U at time slot ¢
as rj:, 1 lfh s> and (xf,y!), respectively, where f indicates the
type of resources like CPU cycles and disk space. UEs may
request bandwidth resources that are slightly different from
the general resources, as it not only associated with specific
nodes but also the links between nodes in the overall streaming
chains. Thus, we separately denote the requested bandwidth of
UE u at time slot ¢ as bf,. Let Ny = N UNT denote the set
of physical nodes in the system, where N indicates the nodes
can be directly accessed by the core network and N7 indicates
the other nodes that need to be accessed by the Internet, i.e.,
NNN; = 0. We use (x,,,y,) to indicate the position of n, the
total resources for resource f and bandwidth of node n € Ny
are denoted as r, r and b, and the remaining resources and
bandwidth are denoted as r;“" and by,

The nodes initialize VNFs with varying resources to build
multiple slices, the set of slices in the system can be denoted



Target Target 1 Target2 Target3
q Path Routing o*
VNE 3, VNE 3. . .
1 . -~ via Virtual 1 . N Path Routing
o . \\{rz-- VNF1 Topology VNF4 \ “EZ" VNF1 via Virtual
1 \ . 1 \ Topology
(2), (2),
(A) (x) BS3 e Bs 2 (A) (x) BS3 e
MOV MOV
( N )l ( N )l
(( ))) A A (‘ ’)/L A A
AN (A? /' Path Routing AN (A? / Path Routing
t‘lj via Physical via Physical
B Topology E Topology
Stateful Requests Stateless Requests

Fig. 2. The illustration of multi-route resource provisioning.

as S, where the UEs of slice s are denoted as U/,. We focus on
anomaly prevention before anomaly occurrence, during which
the VNFs don’t change their host and allocated resources
intermittently, thus, we denote the VNFs hosted by node n
as V,. Besides, let .S,, denote the slice that UE u belongs to,
and V, denote the set of VNFs in slice s. For the VNF v € V,,
we denote its physical host as H(v), where H(v) € Nyy.
The allocated amount for resource f and bandwidth of v can
be expressed as r, y and b, respectively, and the remaining
resources and bandwidth are denoted as 7" and b;*™.
Additionally, we denote the average latency for UEs to
access the nearest AP as "V, and the latency for BSs’ optical
connections as 7, respectively. The slices can be configured
with different latency performances of their virtual links to
support different preferences of users, which can be realized by
allocating better network channels to support latency-sensitive
services based on the physical links [15]. Thus, for slice s,
we denote the latency among directly connected VNFs as
nY . Besides, accessing the Internet generally has much higher
latency than the local network, thus, we uniformly denote the
latency for the UE accessing the VNFs via the Internet as 7!.

B. Request Provisioning Model

Anomalies in the system generally occur due to unfulfilled
requests, one key issue is that all UEs’ requests are implicitly
treated as stateful. Another issue is that the possible multi-
route resource provisioning for UEs’ requests and the potential
load balancing among routes, which can help to improve
the utilization of bandwidth resources. We assume that each
stateful request can only be provisioned by one target VNF for
general resources in each time slot, and each physical node can
only serve one of the VNFs in the same slice.

To achieve more flexible resource provisioning, we segregate
the requests to be stateful and stateless according to their
properties and consider the requests from UEs are provisioned
via a multi-route strategy, as shown in Fig. 2. Specifically, for
stateful requests that are assigned with a specific VNF, each
request can be provisioned separately by lots of routes, but
finally all routes need to fall into the assigned VNF as the
target to ensure service continuity. For instance, as shown on
the left side of Fig. 2, we illustrate two routes by red and blue
lines, the requests of UE w should first connect to the nearest
physical node as the AP (BS 1), and then the requests can be

routed via physical links to the BSs that host the VNFs of the
corresponding slice (BS 2 hosts VNF 3 and BS 3 hosts VNF
2). Finally, the requests can be routed to the target VNF by
the virtual links that belong to the same slice with UE u, as
shown by the blue and red dashed lines. Similarly, for stateless
requests, the requests can be routed by multiple routes to VNFs
that can be different from the previously assigned VNFs.

We denote the request type of UE w as §, € {0,1}, where
“1” means stateful requests and “0” means stateless. Let R,
denote the set of routes to serve the requests of u at time slot £,
where R € R!, denotes one of the routes and can be expressed
as R = (Rp, Rv). Here, Rp denotes the physical nodes in R
and the others denote the VNFs in slice S,,. Moreover, we use
Rpo to denote the first item in R, which should be the AP
of UE u. Besides, Rp_1 and Ry,o denote the last physical
node and the first VNF in R, respectively, where R p, _; hosts
Rv,0. Finally, Ry, denotes the target VNF of route R, VR €
R!. Each route serves part of the UE’s request, where the
resources are provided by the target node Ry,o of route R,
and the bandwidth is provided by all the nodes. For each route
R, we denote the resources that R can provide with u for f
as 1y, ¢,R, and the bandwidth as b, .

C. Problem Formulation

When UE u accesses the resources from the slices, each
route’s latency can be obtained as the sum of wireless commu-
nications to the AP, latency among physical nodes to the slice,
and the latency among VNFs in the slice. The AP of UE u at
time slot ¢ should be the nearest physical node accessible from
core networks, denoted as N,i, and can be obtained by

Nt = in ((zp —28)° + (yo —v4)°) Vuctd. (1
. arferffln((x zl)" + (y yu)) u ()

Besides, we denote the latency of R as I%,, calculated by

e =n0"+1°(Rp| = 1) + ry._,eny ny (IRv| —1)
+(r, _enpnt, VR € RL, Vu € Uy, Vs € S,

where Iy is an indicator variable that equals to 1 when
holds otherwise equals to 0.

The UEs’ requests can be fulfilled while all the requested re-
sources and bandwidth can be accessed with preferred latency,
indicating that " e Tu.fR =7, ¢ and 3 opepe bur > b,
Intuitively, when the latency of a route cannot satisfy the
preferred latency from UEs, the resources and bandwidth
cannot be provided, and we have r, sz = 0,b, r = 0 when
I% > min{l}, ;}re 7 holds. We denote the anomaly indicator
of UE v at tlme slot t as Y¢, € {0, 1}, where “0” indicates that
the request of u can be fulfilled and “1” indicates not, thus,
Y! can be expressed as

0 Z 7“u,f,R 2 Ti,fvvﬂ Z bu,R Z btu,
’RERL RER, 3
1, otherwise;

)
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To serve the requests of UEs, the cost from MNOs can
be related to the provisioned resources/bandwidth and latency
that reflects the quality of routes, where the routes with lower



latency will introduce higher cost. For each node, let oy and
B denote the price of a unit of resource f and bandwidth,
respectively, the cost for serving u can be calculated by

ClL=01-") > (O arrusr+BRIbur)/lk). (4)
ReRE, feF

We aim to reduce the number of anomaly UEs and the
average cost for provisioning normal UEs, to this end, the
optimization problem can be formulated as

Sueu Cu
min T ey (52)
{RLTu 5 R 0w R YR eRE, 1; Ul = > e Th
sty > Merybur < by, Vo € Vy, Vn, (5b)
u€U RERY,
Z Z Hp=ry _)Tu,fR < To,f, VU € Vp, VN, Vf,
u€U RERY,
(5¢)
YD (er) + Y, Mwer)bur < bn,Vn,  (5d)
ueU RERY, vEV,
> rug <rng Y by < by, Vn, VY, (5e)
vEV, vEVn
I, €{0,1}, T, € {0,1}, N} e N,Vu e U, vt. (50

Here, (5b) and (5c¢) indicate the total provided bandwidth
and resources from VNF v to all UEs should not exceed
the allocated resources/bandwidth of v; (5d) ensures the total
bandwidth provided by node n and its hosting VNFs for all
UEs should not exceed the total bandwidth of node n; (Se)
means the resources and bandwidth of all the VNFs of node n
should not be more than the total resources of node n.

III. USER TRAFFIC STEERING FRAMEWORK

We aim to reduce the system’s abnormal UEs and provide
resources for normal UEs, thus, the problem tends to be
deciding the nodes and routes for serving each UE u € U
according to its requests and mobility information, we elaborate
this process in Algorithm 1. Specifically, we first initialize the
anomaly flag of u as T! = 1, and set a resource pool P! and
bandwidth pool P! to store the provided resources/bandwidth
for u, which will be dynamically updated. Afterward, we aim to
obtain the candidate nodes for u, denoted as ij‘. Here, for the
stateless requests that don’t need to be associated with specific
VNFs, each VNF can be a candidate to provide resources for
u, thus, we have VfL* = Vg, when §, = 0. On the other hand,
for stateful requests, the candidate nodes should be those that
have been serving the UEs to keep service continuity, we use
VServe to denote the VNFs that have served UE u, and can
derive V&* = V2e™v¢ when §, = 1 (Lines 1-2).

After V* is obtained, we try to find the possible routes to
satisfy the requests of u, to this end, UE w first gets its AP N!
and generates routes from N/ to each VNF in V¥, the requests
should first route to one of the physical nodes that hosts the
VNFs of S, the possible nodes can be obtained as

Nup = {nln € Nau, Va N Vs, # 0} 6)

To achieve high bandwidth utilization, we iterate the physical
and virtual routes with maximum bandwidth by a modified
Dijkstra algorithm, which performs a similar iteration process
to the Dijkstra algorithm with a different goal as finding the
route with maximum bandwidth [14]. Thus, we set the weights
of edges of the physical topology among ESs (denoted as G)
and the virtual topology among VNFs in slice .S, (denoted as
Gs,,) as the minimum remaining bandwidth of each ES pair and
each VNF pair (Lines 3-4). The physical route R p is generated
from N} to n € N, ,, and the virtual route Ry is generated
from VNF vg4t =V, N Vg, to the target VNF v € V*. The
overall route R then is obtained and will be saved only if the
total latency I, satisfied I/, (,Vf € F (Lines 5-11).

After obtaining the route R, we add the resources and
bandwidth that v and R can provide to P! and P, where
the provided resources 727" is set as the remaining resources
of v, and the provided bandwidth by is the minimum
remaining bandwidth among all physical/virtual nodes in route
R. The remaining resources/bandwidth of nodes are then
accordingly updated (Lines 12-18). Notice that the provided
resources/bandwidth in P7 and P? may exceed the requests
of UEs, to save the resources and achieve load-balancing
among nodes in the route, we calculate the scaled ratios af, V f
and [ based on the requests of UEs and the provided re-
sources/bandwidth. Then, all the VNFs update their remaining
and provided resources based on the scaled resource, and each
route’s nodes update their remaining and provided bandwidth,
and the edge weights of G and Gg, are updated (Lines 19-29).

At last, we set a limit of iterations to avoid excessive iteration
in finding all the routes, as in our considered multi-route
provisioning framework, « can have lots of routes from N! to
a target v € V* to increase the provisioned bandwidth. In this
paper, we aim to evaluate the system performance in reducing
the anomaly UEs but not detecting the anomalies by searching
all the routes. Thus, we denote k& as the maximum number
of iterations for generating routes from N! to each VNF in
VI*, and when the iteration i gets close to k, the program
will exit all the loops. Finally, the requests of w are checked
to be satisfied or not to obtain Ttu, and routes and provided
resources/bandwidth from each route can be obtained from Pj,
and P? (Lines 30-35). As |N,,| is generally much smaller
than | Ny, the computation complexity of the algorithm can be
approximated as O (|€|log [Nuu| + k%[ Nau| + k|€]), where £
denotes the edges of G.

IV. SIMULATION RESULTS
A. Simulation Settings

To evaluate the proposed traffic steering and resource allo-
cation framework, we consider a scenario consisting of 15 ESs
geographically distributed in a 100x 100 m? area, with 5 routers
facilitating network connectivity, and 50 users dynamically
requesting various services. Additionally, 30 ESs are positioned
outside this area and can only be accessed by the Internet. The
total resources of each ES/router are uniformly set as 4 CPUs,
8 GB RAM, and 128 GB storage, with 10 Gbps bandwidth.



Algorithm 1: Proposed Framework

Input: u, I!, ,, (%, ;) Vs, , Ve G Gs., k.

1 Initialize: T¢, = 1, resource pool P" = (), bandwidth
pool P52 = (), iteration index i = 0.

2 Set Vi < pIerve if §, =1 else VI* + Vg,.

3 Determine AP N/} by (1) and obtain N, , by (6).

4 Set the weight of edge (n,n') € G and (v,v’) € Gg,, as
min{b7¢™ 5™} and min{ble™, b5™ ).

s for Each physical node n € NV, ,, do

6 Generate route Rp from N/ to n by maximum

bandwidth Dijkstra algorithm [14].

7 Obtain vs¢qrt = Vi N Vs,

8 | for Each VNF v € V!* do

9 Generate route Ry from v+ to v [14], set
R = (Rp,Rv), calculate l% based on (2).

10 if I, > min{l! ;}scr then

1 | Continue.

12 Set br = min{{b;" }nerp, {0, fvery }-

13 Set 177" = 11 Vf € F b = br.

14 Py Pl A+ (0,7077"), Pl PL 4 (R, b ™).

15 Update 7" <= 1" — rfjrlf v,

16 for n € Rp and v € Ry do

17 Update b < bre™ — by .

18 Update b7em™ « brem — pirov,

19 Set oy = min{1,7}, ¢/ Z(v,rfjfj“)eP; o )

20 Set ﬁ = min{l, bz/ Z(R7b179{ov)epb s bl,;{ov}'

21 for (v,7}'") € P;, do

22 Update 7" < rp" — (af — l)rﬁg‘fv.

23 Update rﬁf}”’ — afrgj}’”.

24 for (R,b5%°") € Pt do

25 for n € Rp and v € Ry do

% Update €™ < brem™ — (8 — 1) x bI°".

2 Update b7e™ « bre™ — (8 — 1) x b2

28 | Update b, " « B0 °".

29 Update edge weights in G and Gg, .

30 141+ 1.

31 if 7 > k then

2 | Exit all loops.

33 if {Z(wi’ff“)eps Tof 2 Tugtrer
34 Yraprenyepy Ug > by, then
33 | Set YL =0.
. b
Output: Y! Pr Pb.

Additionally, to mimic realistic network conditions, we con-
sider the request of UEs forms a normal distribution over time
slots, where the mean of the requested resources and bandwidth
are randomly set from 0.01 to 7, /2 and b, /10, where the
variances are set as the half of the mean value. Besides, we
consider four different service slices, where the mean and

variance of latency preferences of UEs are randomly set as
40 — 150 ms and 20 — 75 ms, respectively. The proportion of
users with stateful requests is set as 0.5, and the maximum
iteration number £ for route selection is set as 4. For network
connections, the average wireless latency "V from users to
APs is set as 2 ms, while the average latency between physical
nodes n¢ is 3 ms. The latency among VNFs 7 ranges among
1 — 5 ms, and the latency for accessing the Internet 7! ranges
from 100 ms to 200 ms, which depends on the characteristics
of the slice configurations. We conduct experiments over 100
time slots to evaluate the performance consistency.

To validate the effectiveness of the proposed scheme, we
consider the baselines and performance indicators as follows:
1) Proposed-no-segregation method, in which all the requests
are treated as stateful and can only be provisioned by the
VNFs that have served the corresponding UEs in previous
time slots; 2) Parallel Hierarchical DRL-based Resource
Allocation (PHDRA) method [12], in which the segregation
of UEs’ requests and the resource allocation in multiple routes
provisioning are not considered; 3) Sequential Approaches
(SA) [8], in which the resource allocation didn’t consider the
load balancing of multiple routes. Moreover, to demonstrate
the advantages of our proposed framework in preventing the
anomaly UEs and reducing the cost of MNOs, the performance
indicators are set as the number of abnormal UEs and the
cost of MNOs for serving normal UEs, ie., >, ., T, and

Y ueu(Cof (U = et T0))-

B. Evaluation Results in Various ESs

u€eU

Fig. 3 illustrates the performance comparison between our
proposed framework and the baseline approaches with vary-
ing |[NV|. In Fig. 3(a), we observe the number of abnormal
UEs across different ES deployments. Our proposed approach
consistently maintains the lowest number of anomalies across
all ESs. Specifically, our solution achieves a significantly
lower anomaly rate, with an average reduction of 2.33 times
compared to the Proposed-no-segregation method, 12.53 times
compared to the PHDRA approach, and 15.03 times compared
to the SA approach. This substantial reduction in anomalies
highlights the effectiveness of our multi-route provisioning
strategy combined with node load balancing. Here, we can
see that only the proposed scheme with request segregation
can reduce the anomalies while |N| increases, as more ESs
provide more candidate VNFs for stateless requests. Fig. 3(b)
presents the cost comparison for serving normal UEs. Our ap-
proach achieves remarkable cost efficiency, showing an average
reduction of 30.87% compared to the Proposed-no-segregation
method, 40.39% compared to the PHDRA approach, and 3.86
times compared to the SA approach. This demonstrates that our
framework not only prevents anomalies but also significantly
reduces operational expenses for MNOs.

C. Evaluation Results in Various UEs

Fig. 4 demonstrates how our framework performs when |/
increases from 50 to 100. In Fig. 4(a), we observe that as the
UE number increases, all approaches show an upward trend in
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anomaly count. However, our proposed framework consistently
maintains the lowest number of anomalies across all UE
densities. Overall, our approach achieves an average reduction
of 54.94% compared to the Proposed-no-segregation method,
3.35 times compared to the PHDRA method, and 3.92 times
compared to the SA method. This demonstrates the scalability
of our solution even under increasing network load. Fig. 4(b)
illustrates the cost efficiency with varying UE numbers. The
average cost of normal UEs does not increase or decrease with
|U| (neither |N|), as this indicator is only related the requests
from UEs and the bandwidth/latency of selected routes. Our
proposed approach maintains significantly lower costs across
most UE configurations, achieves an average reduction of
37.97%, 41.35%, and 3.89 times compared to the Proposed-
no-segregation, PHDRA, and the SA approach, respectively.
These results collectively demonstrate that our proposed traffic
steering framework with multi-route provisioning and load
balancing effectively prevents anomalies while substantially
reducing operational costs for MNOs across varying network
configurations and user densities.

V. CONCLUSION

In this paper, we investigate anomaly prevention and re-
source allocation for UE request provisioning in 6G network
slices. A novel request provisioning model and a traffic steering
framework are proposed to address the key challenges posed
by limited edge device resources in supporting dynamic UE re-
quests. By incorporating load balancing across different routes
to enhance the overall service bandwidth capacity of each
node, the proposed scheme achieves significant performance
improvements in terms of anomaly prevention and resource
utilization efficiency. Extensive simulation results validate the

effectiveness of our framework in mitigating the potential
anomalies and reducing the cost of MNOs.
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