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Abstract. The new radio resource control inactive state has become
the main status of user equipments (UEs) in 5G networks, because of
its low power consumption and energy saving features. To deal with the
massive signaling overhead in 5G networks, in this paper, we introduce a
UE assisted dynamic RAN notification area (RNA) configuration scheme
to effectively reducing the paging and the RNA update overhead of inac-
tive UEs. Especially, UEs are divided into two categories, namely, the
speed-priority type and the rate-priority type based on their commu-
nication rate, mobility, as well as the location. Accordingly, we further
extensively investigate the dynamic RNA configuration update process in
both the theoretical and the practical manner. The performance of pro-
posed schemes is evaluated via simulations and the results demonstrate
the effectiveness and the efficiency in achieving the design goals, which
could achieve a considerable performance improvement with respect to
schemes in literatures.
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1 Introduction

In order to satisfy the low-latency, high-reliability and low-power transmission
performance requirements to support various scenarios in 5G networks, the ultra
dense small cell network is considered as a feasible solution [1]. Recently a new
state called RRC Inactive is designed as a main state for inactive UEs in 5G
networks. The main characteristics of the inactive state is that the interface
between the Radio Access Network (RAN) and Core Network (CN) is kept [2].
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However, the small coverage of cells increases the total number of paging and
location update signaling messages due to the movement of Inactive User Equip-
ments (UEs) [3]. Paging is a system access functionality that is triggered by the
network to locate a UE when there is downlink packet for the UE.

In Long Term Evolution (LTE) networks, the location tracking of UEs is
based on the tracking area (TA) and the tracking area list (TAL). Several works
have been done for reducing the overhead due to the mobility of UEs during
the last years [4–7]. In [4], an experience-based scheme was used to predict the
movement trend of UEs, and the TAL is allocated to UEs according to movement
type. An automatic scheme which could obtain the optimal TA update scheme
and minimize network signaling was presented in [5], the scheme detected periods
of similar trends of UEs that could share the same TA update scheme. In [6],
the authors proposed an effective TAL design to reduce the overall signaling
overhead while taking into account the TAL overlapping. In this case, a cell
could be included in more than one TAL. When UEs moved from cell i to cell j,
the location update is performed if cell j is in none of those TALs of UEs. The
authors designed an effective tracking area list management scheme to optimize
TAs in the form of TALs for each UE, which could minimize the number of the
paging and tracking area updates signaling message [7].

The 3rd generation partnership project (3GPP) standard proposed three
different granularity RNA configuration schemes for inactive UEs, that is, the
cell list, the radio access network (RAN) area identification (ID) list and tracking
area identity (TAI) list configuration scheme, respectively [8]. However, the small
configuration granularity of the cell list-based RNA configuration scheme is only
applicable to UEs with high paging rates and low-speed. The larger granularity
of the RNA configuration scheme is based on the RAN area ID list/TAI list,
which is only applicable to UEs with a high-speed and low paging rate.

In this paper, a UE assisted information-based dynamic RNA configuration
scheme is proposed to minimize the total number of paging and RNA update
signaling in 5G small cell network. The main contributions can be summarized
as: First, UEs are divided into different categories based on their own state
informations. In particular, UEs could recommend an appropriate RNA and
report it to the anchor gNB as the RNA configuration assisted information.
Finally, the anchor gNB will determine whether to reconfigure the recommended
RNA based on assisted information from UEs. Second, we aim to minimize the
total number of messages in paging and location tracking of UEs in Inactive
mode. UEs could report the recommended RNA base on the state informations
of UEs, thereby reducing the total overhead in the scheme we proposed. In
addition, the RNA for a UE is dynamic update according to UEs activities. such
as the current communication frequency and mobility, to further improve the
performance of the network.

The rest of this paper is structured as follows: the system model is presented
in Sect. 2. The detail procedure of the dynamic RNA configuration scheme is
presented in Sect. 3. Section IV introduces the problem formulation of the pro-
posed RNA configuration scheme. The simulation results are presented in Sect. 5.
Finally, the paper is concluded in Sect. 4.
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2 System Model

In this paper, we consider a 5G small cell network consists of the RAN and
next generation core network (NGC), where RAN includes a set of small cell
gNBs (i.e., base station of the 5G network), and UEs are randomly located
in the coverage of gNBs. NGC includes the access and mobility management
function (AMF), the user plane gateway (UP-GW) and the control plane gateway
(CP-GW) as shown in Fig. 1. Each gNB covers a different number of cells and
inter-gNBs are connected via the Xn interface. The anchor gNB maintains the
connection of the user plane and the control plane with the NGC, which is
in charge of the paging and location tracking of UEs. In order to avoid a large
number of paging and RNA updates signaling message between gNBs, we assume
there is a Xn interface between gNBs and the anchor gNB where the UE is
located. Alternatively, when a UE moves to a gNB that does not have interface
with the anchor gNB, the anchor gNB will be replaced by the gNB where the
UE is currently located. In this case, the intra-gNB mobility is hidden from the
anchor gNB enabling the tracking of the cell level location of UEs to minimize
the signaling overhead.

Fig. 1. System model

Generally, the initial configuration of the RNA is depended on the mobility
of UEs as well as on their geographical distribution. gNBs will provide UEs with
the initial configuration of the RNA when UEs firstly connect to the network.
The initial RNA configuration varies from scene to scene and one RNA can
contain multiple gNBs regions. We denote R = {1, 2...r} as the set of RNAs,
and U = {1, 2...u} as the set of UEs. Let Υ denote the set of all possible RNA
lists in the network, Υi denote the set of all possible RNA lists that can be
assigned to UEs in RNA i. mi� represents the probability to assign RNA list
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in RNA i to UEs, hij represents the probability that UEs move from RNA i
to RAN j. When UEs move to a new RNA does not belong to it is own RNA
list, there is a RNA update procedure for UEs and a signaling message to the
anchor gNB. Once the anchor gNB received the RNA update message, it would
calculate and forward the set of possible RNA lists to UEs to generate new RNA.
Symbols used in this paper are listed in Table 1.

Table 1. Notations of Symbols

Symbol Description

R The set of RNAs in the network

U The set of UEs in the network

Υ The set of all possible RNA lists

Υi The set of RNA lists can be assigned to UEs in RNA i

mi� The probability to assign RNA list in RNA i to UEs

hij The probability UEs move to RAN j from RNA i

τ Signaling overhead of one paging process

λ0 The necessary overhead generated by cells UE camped

λ1 The unnecessary overhead generated by cells except UE camped

nk
u The cells of the RNA of UE other than the cell UE camped

αu The paging probability of UE i during period k

ρ Signaling overhead of one RNA updating process

βu The RNA update probability of UE i during period k

tui The duration time of UE u in RNA i

3 Dynamic RNA Configuration Scheme

3.1 Dynamic RNA Configuration

According to the dynamic changes of UEs, the initial RNA configuration needs
to be reconfigured timely. The user assisted dynamic RAN notification area
configuration scheme consists of two steps: the decision making step and the
RNA adjustment step, as shown in Fig. 2. Firstly, in the decision making step,
UEs will periodically collect their own state informations for time interval T ,
which include the paging rate, mobility rate and the time duration of UEs in the
visited RNA etc. Based on these information UE could determine the categories
of UEs, namely, rate-priority or speed-priority. Formally, the category of UE u
is depended on the ratio of paging overhead and RNA update overhead in the
network within the kth period T (Tk), which is given as follows:

Ok
u =

τ(λ0 + λ1n
k
u)αu

τ(λ0 + λ1nk
u)αu + ρσuβu

(1)
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where 0 < Ok
u < 1, σu = Tk/tui. τ(λ0 + λ1n

k
u)Tkαu denotes the paging overhead

of UE u during Tk. ρTk/tuiβu denote the RNA update overhead incurred by
UE u during Tk. Tk/tui denotes the RNA update frequency of UE u in the Tk.
UE with larger Ok

u causes larger number of the paging message than the RNA
update message, which is considered as a rate-priority type UE. Consequently,
the smaller the value of Ok

u the more RNA update message than the paging
message, which is considered as a speed-priority type UE.

Secondly, in the dynamic adjustment step, according to the category of UEs
determined by the previous step, the set of possible RNA lists can be assigned to
UEs to generate a new RNA. In this step, rate-priority type UEs would select a
RNA list with small number of RNAs to reduce the paging overhead. Similarly,
speed-priority type UEs would select a RNA list with large number of RNAs
to mitigate the impact of the RNA update on the network performance. Then,
UEs report the assisted information to the anchor gNB to update the RNA
configuration.

Fig. 2. Dynamic RNA configuration scheme

3.2 RNA Lists Update Process

We give an example to show the update process of the RNA of UEs. Assume
that there are three RNAs in the network, named R1, R2 and R3, UEs can
freely move in any RNAs. Notice that, when UEs are in one of RNAs, there
would form a set of RNA lists that can be assigned to UEs with the neighboring
RNAs. For example, if UEs camp in R1, all the RNA lists that can be assigned
to UEs are denoted as Υ1, Υ1={{R1}, {R1, R2}, {R1, R3}, {R1, R2, R3}}. Addi-
tionally, all the RNA lists in the network are denoted as Υ=

⋃
i∈R Υi,

Υ={{R1}, {R2}, {R3}, {R1, R2}, {R1, R3}, {R2, R3}, {R1, R2, R3}}.
Assume that each RNA list is assigned to UEs with a specific probability,

denotes as Pi(L). All RNA lists are in descending order by the number of included
RNAs. Furthermore, the category of UEs should be taken into consideration dur-
ing RNA update process. Speed-priority type UEs should be assigned to a large
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RNA list as the notification area to reduce RNA update signaling. Otherwise,
rate-priority type UEs should be assigned to a small RNA list as the notification
area to reduce paging signaling. Thus, speed-priority type UEs has high prob-
ability to be assigned to {R1, R2, R3}, while {R1} is probably be assigned to
rate-priority type UEs.

We define a poisson cumulative distribution function F (ru, tui), where ru =
1/(Ok

u) ≥ 1. Especially, the cumulative distribution probability of {R1, R2, R3}
is the smallest, while {R1} is the biggest. UEs will select the appropriate RNA
list when the following condition are satisfied:

L−1∑

m=1

Pi(m) < F (ru, tui) <
L∑

m=1

Pi(m) (2)

From above, larger Ok
u results in smaller ru and indicates that UE u, which called

rate-priority type. It is better to assign a RNA list with small number of RNAs
for this UE u. In contrast, smaller Ok

u results in bigger ru and indicates that
UE u, which called speed-priority type. It is better to assign a RNA list with a
number of RNAs for this UE u.In addition, the small tui indicates the high speed
of UEs, which will be assigned to a large RNA list. As shown in Fig. 3, when ru

is small, UEs have a higher probability to select a smaller RNA list. Otherwise,
when ru is large, UEs have a higher probability to select a larger RNA list. In
addition, the time duration tui indicates the speed of UEs, the speed-priority
type UEs will select a large RNA list.

Fig. 3. tui versus the cumulative distribution function of poisson

4 Problem Formulation

In this paper, we consider a UE assisted information-based dynamic RNA con-
figuration scheme to minimize the total number of paging and RNA update
signaling message in 5G small cell network. The multi-objectives optimization
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technique is used to minimize both the paging and the RNA update overhead,
find the optimal distributions of the RNA, and find a fair tradeoff of these two
overhead. The RNA update overhead which generates in RNA i and j (not in
the same RNA list) can be expressed as follows:

fRNAU(i,j) = ρ
∑

�∈γi∧�/∈γj

hijmi� + ρ
∑

�∈γj∧�/∈γi

hjimj� (3)

where 	 is the current RNA list of UEs. The overhead of paging generated in
RNA i can be expressed as:

fpaging(i) = τmi�

∑

u∈U

αutui (4)

where
∑

u∈U αutui is a constant that represents the paging overhead in RNA i.
When there is data transmission requirement, the anchor gNB will send paging
message to gNBs in the RNA of UE u. Based on the above discussion, the
optimization problem can formulate as:

min ω
∑

i∈R

∑

j∈R∧i�=j

fRNAU(i,j) + (1 − ω)
∑

�∈Υ

∑

i∈�

fpaging(i)

s.t. (C1) : i, j ∈ R, 0 ≤ hij ≤ 1
(C2) : i ∈ R, 	 ∈ Υ, 0 ≤ mi� ≤ 1

(C3) : ∀i ∈ R,
∑

�∈γ
mi� = 1

(C4) :
∑

i∈R

∑

j∈R∧i�=j

fRNAU(i,j) ≤ RNAUmax

(C5) :
∑

i∈R
fpaging(i) ≤ PAGINGmax (5)

where ω is the weight factor of the paging and the RNA update overhead in the
network, which could dynamically adjust the proportion of these two factors.
Specifically, the speed-priority type UEs will be assigned with a larger ω than
the rate-priority type UEs. The set of constraint (C3) assures that the sum of
the proportional usage of the RAN lists in RNA i equals to one. The constraint
(C4) guarantees that the sum of all RNA update overhead should not exceed the
maximum RANUmax, the constraint (C5) indicates that the sum of all paging
overhead in the network should not exceed the maximum PAGINGmax.

In this paper, the discrete Markov chain is used to analyze the RNA update
and the paging overhead in the network, which can be obtained by the solution
of the balance equations of the discrete Markov chain. The detail process refers
to [7].

5 Simulation results

In this section, we verify the performance of the proposed user assisted dynamic
RAN configuration scheme (UD-RNA) algorithm by simulations. We focus on
the impact of RNA update and paging overhead on the UD-RNA scheme. In
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order to qualify the proposed algorithm, the following two algorithms are used
for comparison: the cell list configuration scheme (C-RNA) and the RAN area ID
list configuration scheme (R-RNA). C-RNA scheme could optimize the paging
overhead while R-RNA could optimize the RNA update overhead. The RNA
update rate of UEs is represented by ν, 1

ν refers to the average duration time
of UEs in each RNA. The paging rate of UEs is represented by p, which is the
average arrival packets of UEs. The following three scenarios is considered in the
simulation: scenario one, 1 ≤ p ≤ 10, ν = 5 and ω = 5; scenario two 1 ≤ ν ≤ 10,
p = 0.5 and ω = 0.5; scenario three, we vary the 0.1 ≤ ω ≤ 1.

Fig. 4. Performance comparison of three schemes as a function of average arrival
packets p

Figures 4 and 5 show the paging overhead, the RNA update overhead and the
total overhead of C-RNA, R-RNA and UD-RNA algorithm versus the average
arrival packets p and the average time duration of UEs in each RNA, respectively.
Figure 4a,b show that the average arrival packets p of UEs have a negative impact
on paging but a positive impact on RNA update overhead, this is due to the
rate-priority type UEs generate more paging overhead than the RNA update
overhead. Thus, the larger the p value is, the higher the paging overhead becomes.
As depicted in Fig. 5a,b, the increase of the average duration time UE also has a
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negative impact on paging and a positive impact on RNA update overhead. The
longer a UE resides in a RNA, the lower its mobility and the less RNA update
overhead is generated.

Figures 4a and 5a illustrate that C-RNA has a better performance than UD-
RNA and R-RNA in terms of paging overhead regardless of the vary of p and
1
ν . It proves that the C-RNA scheme can effectively reduce the paging over-
head because of the small granularity of RNA configuration. Figures 4b and 5b
demonstrate that R-RNA has a better performance than UD-RNA and C-RNA
in terms of the paging overhead regardless of the vary of p and 1

ν . R-RNA scheme
can effectively reduce the RNA update overhead because of the big granularity of
RNA configuration. Figures 4c and 5c show that the proposed UD-RNA scheme
has a better performance for different values of p and 1

ν and reduce the overall
signaling message for both the paging and the RAN update overhead. It can be
seen from the figures, when p < 4.7 and 1

ν < 0.55, R-RNA scheme has better per-
formance than the other two schemes. However, after that point C-RNA scheme
is the best compared with other two schemes. Especially, UD-RNA always finds
an optimal tradeoff between the paging and the RNA update overhead by main-
taining the total overhead to the optimal value.

Fig. 5. Performance comparison of three schemes as a function of average duration
time ν
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Fig. 6. The impact of the weight factor on the total overhead

Figure 6 illustrates the change of the total overhead in the network versus
the weight factor. The following three scenarios are used for comparison: (1)
p = 9 and v = 1, when the paging overhead is larger than the RNA update
overhead; (2) p = 5 and v = 5, when the paging overhead equals to the RNA
update overhead; (3) p = 1 and v = 9, when the paging overhead is smaller than
the RNA update overhead. With the increase of ω, the proportion of the RNA
update overhead increases, while the proportion of the paging overhead decrease.
For scenario 1, the larger the ω is, the small the paging overhead achieves, thus
the total overhead is declined. For scenario 2, with the increase of ω, the RNA
update overhead is increasing and the paging overhead is decreasing, result in
slowly increasing of the total overhead. For scenario 3, the larger the ω is, the
bigger the paging overhead becomes, result in increasing of the total overhead.

6 Conclusions

In this paper, a UE assisted based dynamic RNA configuration scheme was pro-
posed to reduce the total overhead of the paging and the RNA update signaling.
Simulation results illustrated the effectiveness of the proposed scheme.

References

1. Osseiran, A., Boccardi, F., Braun, V.: Scenarios for 5G mobile and wireless com-
munications: the vision of the METIS project. IEEE Commun. Mag. 52(5), 26–35
(2014)

2. Da Silva, I.L., Mildh, G., Saily, M., Hailu, S.: A novel state model for 5G radio access
networks. In: 2016 IEEE International Conference on Communications Workshops
(ICC), PP. 632–637. Kuala Lumpur (2016)

3. Hailu, S., Saily, M.: Hybrid paging and location tracking scheme for inactive 5G
UEs. In: 2017 European Conference on Networks and Communications (EuCNC),
pp. 1–6. Oulu (2017)



224 C. Cao et al.

4. Razavi, S.M., Yuan, D., Gunnarsson, F., Moe, J.: Dynamic tracking area list con-
figuration and performance evaluation in LTE. In: IEEE Globecom Workshops, pp.
49–53. Miami (2010)

5. Toril, M., Luna-Ram�lrez, S., Wille, V.: Automatic replanning of tracking areas in
cellular networks. IEEE Trans. Veh. Technol. 62(5), 2005–2013 (2013)

6. Widaa, L.O., Sharif, S.M.: Effect of tracking area list overlapping in reducing overall
signaling overhead in long term evolution system. In: 2015 International Conference
on Computing, Control, Networking, Electronics and Embedded Systems Engineer-
ing (ICCNEEE), pp. 397–400. Khartoum (2015)

7. Bagaa, M., Taleb, T., Ksentini, A.: Efficient tracking area management framework
for 5G Networks. IEEE Trans. Wirel. Commun. 15(6), 4117–4131 (2016)

8. RAN3, LS on definition of RAN notification area in inactive state. 3GPP R2 WG,
Tdoc R2–1710036 (2017)


	User Assisted Dynamic RAN Notification Area Configuration Scheme for 5G Inactive UEs
	1 Introduction
	2 System Model
	3 Dynamic RNA Configuration Scheme
	3.1 Dynamic RNA Configuration
	3.2 RNA Lists Update Process

	4 Problem Formulation
	5 Simulation results
	6 Conclusions
	References




