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the abs ratio according to the network condition to improve
resource utilization

Prepared by: Mohammed Farooq Hamdi

Abstract:

This research aimed we designed an adaptive mechanism which dynamically
adjusts the ABS ratio according to the network condition to improve resource
utilization. Scheduling algorithms have been developed and optimized to adapt the
proposed scheme for both macro and small cells. It is responsible for the optimum
resource allocation to minimize the inter-cell interference to the minimum ranges. Our
simulation results showed that learning-based dynamic ABS scheme was 4. % higher
than that of the static ABS scheme. Finally, by integrating the mechanisms of dual
connectivity, CRE, and ABS, the QoS satisfaction ratio of cell edge UEs could be
improved by 10.76% as compared to the traditional approach. The proposed scheme
demonstrates better performance with less complexity in terms of user and cell
throughputs, and spectral efficiency, as compared with the previously employed
scheme, the research recommended using the dynamic ABS technique to improve
network performance and reduce interference

Keywords: Dynamic ABS D-(ABS), dual connectivity (CRE), LTE-A, elCIC, intercell
interference coordination.
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Preface

The time domain-based ICIC schemes basically rely on reducing the
transmission activity on certain sub frames by each of the cell layers to minimize
interference to the victim layers. These sub frames are indicated as Almost Blank Sub
frames (ABS).

An ABS is defined as minimum transmission of sub frames, where zero data
signal will be transmitted from the macro cell but only transmit the most critical
information required for the system to provide support to legacy LTE (Release 8/9)
UEs. Therefore, through ABS, the signals that are primarily sent are common
reference signals (CRS) and other required system information. As a result, through
sub frames where the macro-cell transmits ABS, the low power small cells are able to
schedule UEs from a larger geographical area that else would experience too high
interference from the macro layer

ABS technigue can improve both cell-edge and cell throughputs as a result of
using these protected sub frames by some Pico users as well, where Macro cell keeps
silent through these sub frames.

Almost Blank Sub frame

The basic idea of the time domain techniques is to mute certain sub frames of
some cells in order to reduce the interference to the other cells We call a cell that
causes interference to UEs of another cell an aggressor cell and the latter the victim
cell; the UEs that are interfered are referred to as the victim UEs. Ideally, the muted
subframes configured by an aggressor cell should be totally blank (i.e. all REs are
muted) in order to reduce the interference as much as possible.

Dynamic Almost Blank Sub frame:

In order to explore the dual connectivity mechanism combined with CRE and
ABS, the ABS configuration learning procedure is introduced in this section. We
propose a novel Algorithm dynamic ABS method based on reinforcement learning.
Furthermore, it is effective to adjust the ABS ratio and reduce the interference in the
co-channel networks by coordinating the adjacent Macro BSs.

Thus, we also propose a centralized decision to adjust the ABS ratio which requires
all Macro BSs to synchronize their ABS ratio
Problem Statement

almost blank subframe (ABS) techniques emerge as inter-cell interference
mitigation technique in time region. One of the conventional ABS techniques is
dynamic ABS assignment, which is able to adapt to interference circumstances to
protect the cell-edge users more. In the dynamic ABS assignment method,ABS
dynamically allocates ABS to its subframe based on surrounding circumstances.
However, the resource utilization of BSs decreases, because the number of ABS
assignments increases in the dense BS deployment. This results in low sum rate.

In addition, if the number of ABS assignments increases, user fairness
becomes impaired due to the difference of the number
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of users which each BS serves. In this paper, we propose a dynamic ABS
assignment method with power control subframe

to improve sum rate and user fairness together. Each BS receivesfeedback
from surrounding BSs and users, and chooses its subframe assignment based on the
received feedback. Simulation.

Aims and Objectives
Improve network performance “increasing throughput” and “load balancing”
using optimized number of ABS “Dynamically depends on the network condition”.

Contribution
« ABS taken as a fixed ranges pre-configured in to core network with
conditions, in this research a dynamic number of ABS will be configured into
the network core.
» Two scenario was done including fixed ABS and dynamic ABS, thus the
network performance will be test on the two scenario.

Methodology
In this section, we explain how to utilize ABSs in heterogeneous networks. We
consider the following two typical deployment scenarios: —
1. The macro—Pico deployment scenario:
where the Pico UEs in the CRE region of a Pico cell suffer strong interference
from a macro cell
2. In the macro—Pico deployment scenario:

the expected behaviors of the macro- and Pico cells are described in the

following.

Step 1: The macro cell predicts that the traffic demand may exceed

its capacity and it has to offload some UEs to the Pico cell.

Step 2: The macro cell hands over someUEs to the Pico cell by employing CRE.

Step 3: The macro cell mutes some sub frames by configuring ABS

These subframes are also called “protected sub frames from the context

of the Pico cell”.

Step 4: The macro cell informs the Pico cell of the ABS pattern via the X2 interface.
Step 5: The Pico cell schedules those UEs in the protected sub frames, based on the
received ABS pattern. It configures its UEs to report channel state information of the
protected and non-protected subframes separately as the nature of interference is very
different in the two types of sub frames. This principle is called restricted
measurements.

The percentage of ABSs configured by the macro cell depends on the CRE
bias. In principle, if a large CRE bias is configured, more UEs will be served by the
Pico cell and thus a higher ratio of ABSs is desirable.

The CRE bias and ABS ratio need to be optimized jointly to achieve the maximum
system throughput.
Evaluation for the E-ICIC of D-ABS Scheme.

ARA
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Simulation Scenario

In this work, we proposed a -based dynamic ABS scheme to learn the

appropriate ABS configuration for a global ABS ratio setting. The key idea is inspired
from the literature. In the ABS ratio was dynamically adjusted based on the
throughput of Macro BS and Pico BS since the UE distribution in each sector of a
macro station is die rent, the ABS ratio will also be die rent. Furthermore, the
deference in ABS ratios will affect the throughput of each BS. Thus, we can define
the deference between the distributions of the throughput as the cost parameter in
learning. The agent finally chooses the best ABS ratio when learning is converged to
the minimum cost.

The detailed steps of learning-based dynamic ABS scheme consist of two steps:

(1) It estimates the required ABS ratio in each sector of the Macro station first. Let
the total bandwidth requirement of the UEs in Macro BS and Pico BS be
NMUE and NPUE, respectively. Assume that the sum of the throughput
allocated by the Macro BS and Pico BS in the previous frame to the UEs is Th
_MUE and Th _PUE, respectively. Thus, the deference between the required
bandwidth and the actual assigned throughput can be expressed as follows.

Mathematical Model

AThyyg~Thmyg — Nmue
AThpyg~Thpyg — Npyg

In order to meet the QoS requirements of the UE, the Equation illustrates the

opportunity of using ABS, which contains two conditions.

- The first one is that all of the MUEs must satisfy QoS requirement, and there are

remaining resources in the Macro BS (D Th PUE > 0).
- The other one is that some PUESs have not satisfied QoS requirement after resource
allocation in pico BS (D ThPUE < 0).

Let the set of Macro BSs be denoted by M. If the above two conditions are met, then

we can first give the parameter _p (p 2 M) as the ABS ratio in each sector of the

Macro station.

ABS ratio {u,if AThyyg > 0 andAThpyg <0
0, others.

(1 — pup)Thyyg — Nmyge = 0
argmax

Mo~ [1+ up(e — D] Thpyg — Npyg <O
0<p, <1

Where: is the gain factor and _p (" U 1) is the ratio of increased data transfer rate of
the PUE after using ABS over the original data rate. Through the deference in the
throughput and the restriction of the QoS requirement, ABS _b can be calculated by

solving the simultaneous inequalities. Equation consists of three conditions:

Y
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- The decreased throughput of MUEs will not be less than their required bandwidth
(NMUE)
- The increased throughput of PUEs will not be more than their required bandwidth
(NPUE).
- The value of _b must be between 0 and 1. The aim is to avoid wasting the resources
of the MUE after using ABS.
(2): With the ABS _b of each sector of the Macro station, the next step is to learn the
unified ABS ratio by learning algorithm. The state, action, and cost of the learning
algorithm based on the ABS configuration are defined as follows:
e Agent: The system.
e State: The state is defined as s, which is the satisfaction ratio of PUEs in the
system. The satisfaction ratio of PUEs is defined as the number of PUES whose
QoS requirements can be met over the total number of PUEs.
e Action: The action is defined as at, which is the ABS ratio.
e Cost: The cost is defined as ¢, which is the new calculated throughput of each
sector of the Macro BS after using the unified ABS ratio.
The cost ¢ estimates the immediate return incurred due to action at states. The

cost function is calculated as:

( Ay ~ar — pp
0, ifA,~0
|A, Thyye|ifa,> 0
|A, (e = DThpyg|ifa,> 0

\ sz COStp

Where Equation (1) represents the deference before and after adjusting the ABS ratio.

COStp 4

In Equation (26), Du > 0 indicates that the actual ABS ratio chosen by the system (at)
is greater than that of the sector of the Macro BS estimated by it (ub), thus losing the
excessive throughput of MUEs. On the contrary, Du < 0 indicates that the actual ABS
ratio chosen by the system is less than that of the sector of the Macro BS estimated by
it, thus losing the expected throughput of PUEs. Finally, the sum of these costs in
each sector of the Macro BS is calculated in Equation (3).
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Algorithm dynamic ABS
Initialize:
1 for eachP €M do
2 calculate the initial ABS ratio u,, based on equations (25) and (26)
3 end for
4 for each s€S ,a €A do
5 Initialize the Q-value as the Q (s; a;)
6 end for
Learning:
7 loop
8 get the current State s, € S
9 Select the action a;cA which has the minimum Q-value
10 calculate A, based on equation (28)
11 for each b eM do
12 calculate the cost of changing the ABS ratio u,t0 a, based on equation (28)
13 Sum the cost to ¢ based on equation (28)
14 end for
15 observe the next State s;,; and update the Q table entry as follows:

16Q (s¢,at)~(1 — p)Q (s¢, @) +p [[C + artn_li_nl{Q(SHl' “t+1)}]]
17 end loop
ABS Static(Normal) Algorithm
Compute the ST ABS:
ST ABS = BWx.05
Where:
BW: Band Width
Table 1Comparison of Static ABS static and ABS dynamic ABS

Factor dynamic ABS scheme Static ABS scheme

Scheduling - -It Is Done By The Total Number | - Itis done by BW
Of Bands In The Macro Station
And The Pico Station

- The Difference Between The station
Required Bandwidth And The

bandwidth in the macro

Actual Throughput - bystyle ABS
ABS Count ~  According to the lowest production | According ToThe
cost, it is calculated each time Percentage Of Empty Tires

Available From The Macro
Station (5% In Small Bands
Width)

- The Throughput of the macro
station should be greater than zero

- The user requirements in the pico
station are less than zero

Delivery ~  System status test (the number of | From amacro cell using
users in the pico who need quality | CRE

of service divided by the total
number of users in the pico
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Simulation Results
Table (2) System parameters of the simulation

Parameter Configuration

Cellular layout Wrap around,7macros,3sectors per site
Carrier frequency 2.14 GHZ

Band width 10 MHZ

ISD 500 M

Macro transmit power 46 dB

Pico transmit power 30dB

Number of pico per sector 2

Number of UE per sector 15

Cell selection HCl and SINR

ABS Q-learning dynamic and static
Thermal noise -174 dB/Hz

UE speed 3km/hr.

Path loss model As in 3GPP TS 36.942

For performance comparison of our proposed schemes, the following simulation
scenarios were considered. The purpose of designing the two scenarios is illustrated
as follows.
Scenario 1: It is designed to verify the performance of the D-ABS scheme in single
connectivity, which is compared with the static ABS scheme.
Scenario 2: It is designed to verify the performance of dual connectivity combined
with CRE and ABS
Scenario 1: compares the performance of the dynamic ABS (D-ABS) scheme with
that of the static ABS scheme. For the static ABS scheme, the ABS ratio was set to
0.5 according to most of the literature.
Recall that the D-ABS scheme adopts the mechanism to dynamically adjust the
ABS ratio according to the feedback of the system.
Two scenarios were simulated; we first simulated the case where more UEs were
MUEs. Specifically, the UE population of Macro BS was three times more than
that of Pico BS. In the second case, all UEs were evenly distributed.
Figure (1) presents that the system QoS satisfaction ratio of the D-ABS scheme
was 4. % higher than that of the Static ABS scheme in the first scenario. In the
second scenario where UEs were evenly distributed, the proposed D-ABS scheme
was still better (7%) than the static ABS scheme, as shown in Figure (1).

RN
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Figure (1): Optimized ratio of the different enhanced inter-cell interference
coordination (e-ICIC) Schemes in the overload situation of the Macro BS
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Figure (3): Compare between static& dynamic ABS

Scenario 2: Evaluation for the Combined with CRE and ABS:

Both the dual connectivity and the e-ICIC can improve the performance of the UE at
the edge of BSs. For this reason, we propose a comprehensive scheme to explore the
feasibility of combining the dual connectivity with CRE and ABS, and evaluate
whether it can effectively improve the QoS bandwidth requirements of edge UES via a
scenario 2 simulation. Since the comprehensive scheme is based on the connection
mode, cell selection, resource allocation, e-ICIC, and CRE bias, we compared its
performance with individual schemes, including non-ABS and Static ABS, and
dynamic ABS.
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In this scenario, we focused on the dual connectivity mode. With CRE and ABS did
not yield better system QoS satisfaction, but it was useful to increase the QoS
satisfaction of edge UEs. Figure (3) shows the QoS satisfaction of deferent
combinations of schemes, UEs in CRE region are referred to as cell edge UEs. We
can observe from Figure (3) that by integrating the mechanisms of interference
management, CRE, and ABS, the QoS satisfaction ratio of cell edge UEs can be
improved by 10.76% as compared to the traditional approach.

m CRE mABS

60%

50%

40% -

30% -

20% -

10% -

0% -
NON ABS Dynamic ABS Static ABS=0.5

Figure (3)

Conclusion

For heterogeneous network research, WE propose the D-ABS scheme to adjust the
ABS ratio dynamically according to system feedback.

Our simulation results showed that learning-based dynamic ABS scheme was 4. %
higher than that of the static ABS scheme. Finally, by integrating the mechanisms of
dual connectivity, CRE, and ABS, the QoS satisfaction ratio of cell edge UEs could
be improved by 10.76% as compared to the traditional approach.

In this project the almost blank subframe (ABS) which are a part of Enhanced Inter-
Cell Interference Coordination (elCIC) framework that was developed by the 3GPP.
The 3GPP develop two major methods in the time domain ABS and RP-ABS, after
study and investigation of these methods it was found that in the normal ABS a blank
frames is send so a reduce in the throughput of the system can be the result, and at the
RP-ABS a fixed power is used in the Subframes so it can effected by the signal to
noise ratio SNR at a specific moment. The study recommended using the dynamic
ABS technique to improve network performance and reduce interference
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