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Abstract. The deployment of small cells of dynamic time division
duplexing (TDD) using orthogonal frequency division multiple access
(OFDMA) is one of the key technologies of 5th-generation (5G). The
main problem limiting the performance of dynamic TDD is the exis-
tence of cross-link interference in these mobile networks. In order to
adapt to the new scenario of 5G, on the basis of the traditional cluster-
ing scheme, this paper proposes a new clustering criterion considering
both the user equipment to user equipment (UE-UE) interference and
base station to base station (BS-BS) interference, and realizes dynamic
clustering of the cells. The proposed method can simultaneously solve
the uplink and downlink interference problems, and improve the system
performance. Compared with the traditional clustering algorithm, the
scheme proposed in this paper has certain improvement in the through-
put of the system, especially in the downlink.
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1 Introduction

With the rapid development of mobile Internet, the next generation cellular net-
work, the 5th-generation (5G) mobile communication system will emerge in order
to cope with the explosive growth of mobile data traffic. One of the key technolo-
gies of 5G is the deployment of small cells of dynamic time division duplexing
(TDD) using orthogonal frequency division multiple access (OFDMA). The main
goal of dynamic TDD is to realize the flexible utilization of the downlink (DL)
and uplink (UL) spectrum of small cells, and to meet the needs of asymmetric
and dynamically changing upstream and downstream traffic. However, dynamic
TDD mode has high and uncontrollable interference, especially the cross-link
interference (CLI) between base stations (BSs) and between user equipments
(UEs). BSs in UL receiving state will be interfered by other BSs, while UEs in
DL receiving state will be interfered by adjacent UEs [1].

Moreover, low-power nodes is introduced in 5G NR system. By placing high-
density low-power nodes, the capacity and the coverage rate of the 5G NR system
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can be improved greatly. However, dense deployment of low-power nodes can lead
to serious inter cell interference (ICI). Inter cell interference coordination technol-
ogy (ICIC) is the mainstream technology to suppress interference between cells,
through collaboration between cells of wireless resource management [2]. As a solu-
tion to interference mitigation and traffic adaption (IMTA) problem, cell cluster
is widely accepted [3]. With cell cluster, cells with severe mutual interference are
grouped in the same cluster, and the same configuration is adopted in the same
cluster to reduce interference. In [4], the paper pointed out that the large scale
of cell cluster reduced the flexibility of traffic adaptation, resulting in the low DL
performance gain of pico cell. Based on the traditional cell clustering, an optimized
reconfiguration algorithm was proposed in [5]. [6] proposed an objective function of
the cell cluster based on IMTA, combined with the advantages of threshold value
and the heuristic algorithm, respectively as the short-term and long-term plan-
ning. The scheme is superior to the traditional cell cluster solution, especially in
the uplink, and the performance in the downlink are identical. A cluster classifica-
tion mechanism was proposed in [7] to divide the sub-regions into different groups
according to the degree of interference of each base station. The base station could
use adaptive adjustment of TDD uplink and downlink configuration to increase the
transmission capacity of the system, thus reduce the downlink to uplink (DL-UL)
interference and improve the network throughput.

However, the above studies only consider the interference from base station
to base station (BS-BS), but ignore the interference from user equipment to user
equipment (UE-UE). The main contributions of this paper are as follows. Firstly,
in the dynamic TDD network under the 5G scenario, we propose a dynamic cluster-
ing algorithm considering the interference between UEs to carry out interference
coordination. Then the algorithm we proposed is simulated with the indoor dual
stripe-building model, compared with no interference coordination scenario and
traditional cell cluster scheme. The results show the proposed scheme can suppress
the CLI caused by the dynamic TDD technology in 5G indoor single-layer ultra-
dense network (UDN), and improves the system throughput.

Therest of the paper is organized as follows. In Sect. 2, we introduce the interfer-
ence problem in the dynamic TDD network. In Sect. 3, we introduce the principle
of interference coordination by clustering, and elaborate our proposed scheme. In
Sect. 4, the proposed scheme is implemented by system-level simulation. Finally,
in Sect. 5, we summarize and discuss our work.

2 Interference Problem in Dynamic TDD Network

In dynamic TDD network, there are two kinds of interferences, i.e. co-direction
interference and CLI, while there are only co-direction interference in the static
TDD mode.

Compared with the static TDD technology, the information transmission direc-
tion of the cell may or may not be consistent due to the dynamic change of TDD con-
figuration in time and space. The asynchronous operation of dynamic TDD causes
CLI. There are two forms of CLI, UE-UE interference and BS-BS interference.
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In this case, the BS on the UL will experience interference from other DL BSs,
while the UE on the DL will experience interference from the UL UE of adjacent
cell.

An example is given as shown in Fig. 1. Consider two adjacent BSs, each of
which has a severely interfered UE at the edge of its coverage area. It is assumed
that BS1 and BS2 select frame structure configuration 2 and configuration 1 respec-
tively according to their current traffic loads. In Fig. 1, BS2 is disturbed by DL
signal from BS1 at the third sub-frame, resulting in a decrease in signal quality
received by BS2. On the other hand, DL signal from BS1 to UE1 is disturbed by
UL data transmission from UE2.

Existing researches are mainly aimed at how to eliminate the interference
between BSs. Because in a typical deployment scenario, the transmission power of
BSs is far higher than the transmission power of UEs. However, the combination
of ultra-dense network (UDN) with dynamic TDD allows for the extensive use of
ultra-dense cells and low-power nodes. In this case, the UE-UE interference should
be paid close attention to, especially when two UEs are located at the nearest edge
of two cells, as shown in Fig. 2. In addition, since the location of public facilities is
not known, it is unreasonable to just consider the coupling loss between BSs as the
clustering criterion. Therefore, the path loss between the closest UEs in the two
cells also needs to be considered.

3 Cell Clustering Interference Mitigation

3.1 The Basic Idea of Clustering

The clustering algorithm allocates cells to clusters according to specific rules. Cells
are divided into clusters and each cluster can contain one or more cells. The cells
in the same cluster adopt the same UL /DL sub-frame configuration to reduce the
BS-BS interference and UE-UE interference. However, the transmission direction

Fig. 1. Dynamic TDD cross-link interference
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Fig. 2. Serious UE-UE interference scenarios

of cells in different cell clusters can be different. The rules of clustering must take
into account the level of interference and asymmetric UL and DL traffic. In different
scenarios, there are significant differences in the objectives and criteria of clustering
schemes. Figure 3 is an example of an interference coordination scheme using cell
cluster, where the femtocells operating at the same frequency. In Fig. 3, the low-
power access point network is divided into several clusters, each containing one
or more cells. Thus, cells with strong CLI are organized in the same cluster e.g.
Clusterl and Cluster2, and same UL /DL sub-frame configuration is used within a
cluster. Therefore, there will be no CLI between cells in the same cluster. And CLI
only exists between cells of different clusters with different transmission directions.
In 5G ultra-dense network, due to the extensive use and intensive deployment of
low-power femtocells, the UE-UE interference must also be considered. Therefore,
in the new clustering criterion, the coupling loss between BSs and between UEs
should be taken into account at the same time. The goal of the proposed scheme is
to improve both the UL and DL throughput of the system.

3.2 New Clustering Scheme

In order to consider both UL and DL performance of the system, we give the for-
mulas for calculating the signal to interference and noise ratio (SINR) of UL and
DL respectively. For the j-th UE served by the BS in the i-th cell, SINR in UL is
defined as in (1). For the j-th UE connected to the BS in the i-th cell, the DL SINR
is defined as in (2).

Fig. 3. Dynamic TDD small cluster interference coordination diagram
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SINR{} = — S (1)
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S; UL is the power spectral density of the UL signal of the j-th UE received by the

i-th BS SDJL is the power spectral density of the DL signal of the i-th BS received
by the j-th UE. K is the total number of BSs transmitted in the DL direction, and
L is the total number of UEs transmitted in the UL direction. I, D L=UL is the power
spectral density of the DL interference signal received by the i- th BS from the k-th
BS, I lUlL UL is the power spectral density of the UL interference signal received by

thei-th BS and transmitted by the I-th UE. IDJL DL js the power spectral density of
the DL signal transmitted by the k-th BS and received by the equipment of the j-th
UE, I [iL DL i5 the power spectral density of the UL interference signal transmitted
by thel-th UE and received by the j-th UE, N is the average power spectral density
of AWGN. The BS-BS interference and UE-UE interference can be calculated in
(3) (4).

127" = P, + TAGy + RAG; — PLy, ;(dB) (3)

17F=PY = P+ TAG) + RAG; — PLyx(dB) (4)

Py and P, represent the power of the k-th BS and j-th UE respectively, T'AGy,
and T'AG| represent the transmitting antenna gain of the k-th BS and the I-th UE
respectively, RAG; and RAG; represent the receiving antenna gain of the i-th BS
and j-th UE respectively, PLy, ; is the propagation loss from k-th BS to i-th BS.
PL,, is the propagation loss from k-th BS to i-th BS.

CLpS = PLYY — TAG[® — RAGP® (dB) (5)

Np N,
> > (PLYE,, —TAGYF - RAGYP)
UE ng=1n;=1
Ly = v (6)

The coupling loss between the BS of i-th cell and the BS of k-th cell can be calcu-
lated in (5). The average coupling loss between UEs in i-th cell and UEs in k-th cell
can be calculated in (6). PLBS is the path loss between the BSs in i-th cell and k-th
cell. PL,({kEn represent the path loss between UE n; in i-th cell and UE ny, in k-th
cell. TAGE S and TAGUE represent the transmitting antenna gain of the k-th BS
and the UE ng respectlvely RAGPBS and RAGUE represent the receiving antenna
gain of the i-th BS and the UE n; in i-th cell respectlvely Ny is the total number
of UEs in k-th cell, and N; is the total number of UEs in i-th cell.
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For dynamic cell cluster strategy in dynamic TDD network, we present the def-
inition of different metric in (7). The difference metric (DM) of i-th cell and j-th
cells is related to three factors, the coupling loss of BSs between i-th cell and j-th
cell, the average path loss of users between i-th cell and j-th cell, and the differ-
ence of traffic between i-th cell and j-th cell. The weights of these three factors are
4, B, A

CLBS CLVE |RFe — RCel|
DM, ; = §—=L + f—2 A
CLBS CLVE RCdl

CijS represents the coupling loss between the i-th BS and the j-th BS, CLBS

represents the mean value of coupling loss between BSs, C’Lg JE represents the aver-

(7)

age coupling loss between users of the i-th cell and the j-th cell, CLVE represents
the average coupling loss among users of all cells, \R?e” — che”| is the absolute

value of the difference between the ratio of DL and UL of i-th cell and j-th cell, R
represents the average ratio of DL and UL in all cells.
The process of cell cluster includes the following steps:

1) DM can be calculated as long as the cell obtains coupling loss and traffic buffer
information. A clustering matrix DM = [DM; ;] can be obtained according to
the calculation result of DM. When i = j, DM, ; = 0.

2) Set the threshold DM, for clustering. Firstly, randomly select a cell with SINR
lower than the set threshold as the master cell of the cluster, and then check the
DM of other cells and the master cell. If the DM between a cell and the master
i-th cell is greater than the DM, the cell and the master cell are grouped into
the same cluster. Based on the above initial cluster, all other cells except the
master cell loop the above operation, put the cell with the DM greater than
the threshold DM into the initial cluster, to form the first cluster.

3) Then, randomly select a cell whose SINR is lower than the set threshold and
is not in the cluster as the master cell of the cluster, and conduct the above
operation for all remaining cells until all cells whose STN R is lower than the
threshold have been grouped into the clusters.

4) After that, the master cell that is not in the cluster is randomly selected as the
master cell of the cluster, and the above operation is carried out for all remaining
cells until all cells have been divided into disjoint cell clusters. When the SINR
of the UL /DL of any i-th cell are below the threshold or the timer starts again,
the cells are regrouped.

After clustering, the UL and DL reconfiguration of cells in the cluster is carried
out. Seven frame configurations defined in TDD are shown in Fig. 4. Then, before
the start of each configuration cycle, the ratio of DL to UL traffic in each cell is
calculated for each cluster, and the average ratio of DL to UL traffic in the cluster
is calculated. From the TDD configuration table, select the configuration mode in
which the ratio of DL to UL sub-frames is closest to this result, as described in (8).

iy = argmin |Ri - RCluste’r|' (8)
1=0,1,2,...,6
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Fig. 4. Seven frame configurations for TDD mode.

R; is the ratio of the DL sub-frames to the upper row subframes of the i-th
configuration, R}, is the ratio of the downlink flow to the uplink flow in the actual
cache of the cell cluster, R; is calculated in (9) and Reyyster is calculated in (10).
In (10), the ratio of the sum of the DL flow to the sum of the UL flow in the cluster
is taken as the ratio of the DL flow to the UL flow of the cluster.

_ NPL+ NP Rpuprs

R; =
NPE 4+ NF - Rywprs

9)

NPEL is the number of DL sub-frames in the i-th configuration, N7 is the num-
ber of UL sub-frames in the i-th configuration, R, prs is the ratio of DL pilot time
slot (DwPTS) in the special subframe, Ry, prg is the ratio of UL pilot time slot
(UwPTS) in a special subframe.

N

Zn:l BT?L
N

2n—1 BIF

BPL and BYL represent the DL flow and UL flow of the n-th cell in the cluster
respectively.

RCluster = (10)

4 Simulation Results

The first step of simulation is to build the dual strip buildings model. The second
step is to decorate femto BSs in combination with UE, and then set the parameters
of the simulation according to Table 1. After that, we simulate three schemes in
parallel, namely, the original cell without the interference regulation scheme, the
IMTA scheme with the traditional clustering method and the scheme we proposed,
and finally collected the simulation data and analyzed the results.
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Fig. 5. Dual strip building model

In high-density residential buildings, the deployment of the femtocells is often
lack of planning. This is the most complex case, so this article focuses on this case
and uses the dual strip model as Fig. 5. Each building has six floors, with two rows
of rooms on each floor and 10 rooms in one row. The length, width and height of
each room are 10m, 10 m and 3 m respectively. It is assumed that the femto BS
and UE have similar transmitting power. The distribution of femto BS and UE
is random. Firstly, the number of i-th cells designated as K, and then K rooms
are randomly selected. With each room selected, a femto BS and multiple UEs are
randomly scattered.

4.1 System-Level Simulation Model

This paper refers to the path loss models of [8]. In these indoor models, the pene-
tration loss of walls and floors is considered. The penetration loss of signals passing
through the walls of buildings as shown in (11).

PL = 38.46 + 201og( R + 0.7d24,indoor

+183n((n+2)/(n+1) — 0.46) + p - Low + ¢ - Lin(dB) (11)

R represents the distance between the transmitter and the receiver, dag indoor
is the distance inside the building. n represents the number of floors between trans-
mitter and receiver. p, ¢ are the number of outer walls and inner walls between the
transmitter and receiver respectively, L., and L;,, represents the increased path
loss for outer wall and inner wall, and each wall within the building will increase
the path loss by 20 dB and 5 dB respectively.

4.2 Metric and Results

The performance metric of this simulation is the throughput of cells. For the conve-
nience of link modelling, the proportional Shannon capacity model proposed in [5]
is selected to simulate the influence of different physical layer parameters on link
performance. Shannon’s theorem can be used to obtain the Shannon capacity as
throughput, as shown in (12).

0 Yy < Ymin
U= anogQ(l—l—ﬁ’Y) 7min§7<7maa: (12)
Uniaz Y < Ymaz
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Table 1. Simulation parameters

Parameter Value

Network deployment Dual strip model
Carrier frequency 2GHz

The system bandwidth 10 MHz

Number of single cell users |1

Antenna pattern Omni antenna
Femto power 23 dBm

Femto noise 13dB

Antenna gain 0dBi

Uplink power control po = —75dBm,a = 0.8
UE antenna gain 0dBi

UE noise 9dB

UE maximum power 23 dBm
Dynamic configuration cycle | 10 ms

Throughput for a given link is denoted by U, and the SINR for such link is

expressed by . Ymin and Ypqz represent the minimum SINR required for adaptive
coding and the SINR when the maximum throughput is reached respectively, Uy, qz
represents the maximum throughput achieved by adaptive modulation coding, «,
(3 represents the attenuation factors, and W denotes channel bandwidth.

‘We carried out the simulation for all cases with cells number from 1 to 240 under

the carrier frequency of 2 GHz, the values of the UL throughput and DL throughput
of all cells in the system with cell number changed were counted. The simulation
results are shown in Fig. 6 and Fig. 7.
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Fig. 6. DL throughput of all cells
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Table 2. UL and DL throughput

Scheme Uplink (Mbits) Downlink (Mbits)
120 cells 240 cells 120 cells 240 cells
Original cell 1739 (baseline) | 2854 (baseline) | 2437 (baseline) | 3091 (baseline)

Cluster IMTA 2029 (16.7%) |3395 (18.9%) |2546 (4.5%) |3405 (10.1%)
Proposed scheme | 2039 (17.3%) 3405 (19.3%) |3051 (25.2%) | 4740 (53.3%)

Figure 6 shows the change of DL throughput with the number of cells in three
schemes. With the increase of the number of cells, the DL throughput of the three
simulation schemes increase. However, when the number of cells reached to a cer-
tain number, due to serious CLI, the DL throughput of original cells increased
slowly or even decreased. The traditional cluster IMTA based on BS-BS coupling
loss can slightly improve this situation, and has a certain gain on the DL through-
put, but it is unable to solve the interference problem good enough to ensure the
throughput continue to increase with the number of cells increasing. The proposed
scheme can significantly solve interference problems and greatly improve the sys-
tem’s DL throughput, especially in the case of numerous cells. Figure 7 shows the
change of UL throughput with the number of cells in three schemes. Both the tra-
ditional cluster IMTA scheme based on BS-BS coupling loss and our scheme can
improve the UL throughput of the system largely. Specific data are listed in Table 2.
Under the condition of the distribution of 120 cells, original cells without interfer-
ence coordination have a total UL throughput of 1739 Mbits, traditional cluster
IMTA can have a 16.7% gain in UL throughput, and the proposed scheme has a
17.3% gain. For the DL throughput, original cells without interference coordina-
tion have a total DL throughput of 2437 Mbits, traditional cluster IMTA can only
has about 4.5% gain in DL throughput, while the proposed scheme has a gain of
25.2%. Under the condition of the distribution of 240 cells, original cells without
interference have a total UL throughput of 2854 Mbits, cluster IMTA can have
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P

—
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Proposed Scheme
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Fig. 7. UL throughput of all cells.
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an 18.9% gain in UL throughput, and the proposed scheme has a 19.3% gain. For
the DL throughput, original cells without interference coordination have a total
DL throughput of 2437 Mbits, and the scheme we proposed have a gain of 53.3%,
while cluster IMTA can only has about 10.1% in DL throughput.

5 Conclusion and Discussion

In the 5G UDN scenario, the BS often adopts micro-small BS. In this case, differ-
ent from the case in LTE, the power of the BS is not significantly different from
that of the UE, even in the same order of magnitude. Therefore, the interference
between users need to be considered in 5G scenario. Based on the traditional clus-
tering scheme, this paper proposes a new clustering criterion considering both the
UE-UE interference and BS-BS interference, and realizes dynamic clustering of
the cells. Simulation results show that the proposed method can simultaneously
solve the UL and DL interference problems to improve the system performance.
Compared with the traditional clustering algorithm, proposed scheme has certain
improvement in the SINR and throughput of the system, especially in the DL.
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