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1. Introduction

In dynamic TDD, an eNodeB receives heavy interference during uplink (UL) transmission, whenever the neighboring eNodeB(s) is (are) doing downlink (DL) transmission.  In this contribution, a method for mitigating DL to UL (eNodeB-to-eNodeB) interference by coordinating the TDD configurations of the set of interfering eNodeBs is discussed. System simulation results are provided to evaluate the performance of the said method.

2. UL:DL Configuration Hopping
It is a known fact that the transmit power of the user equipment (UE) is very less compared to that of an eNodeB. Therefore, the UL reception will be heavily affected by the interference from DL transmission of the neighboring eNodeBs when they adopt a different TDD configuration independently. At a given time instant, an eNodeB would choose the TDD configuration based on the traffic (UL:DL ratio) requirement during that time, leading to heavy eNodeB to eNodeB interference. In order to meet the UL:DL ratio requirement, an eNodeB can also hop among a set of TDD configurations. Suppose, the  required UL:DL load ratio of an eNodeB is 0.5, then it can hop dynamically between TDD configurations with UL:DL ratio 0.75 and 0.25. Therefore, an eNodeB has more choices in choosing a TDD configuration hopping so as to satisfy the UL:DL ratio requirement. These choices can be utilized for mitigating the interference from the DL to UL subframes. This is accomplished by coordinating the UL subframes of the eNodeB with the UL of the neighboring eNodeB. An example for interference coordination is illustrated in Figure 1. 

Some of the sample TDD configurations hopping sequences are provided in Table 1. Number of DL subframes interfering to UL subframes from each TDD configuration of aggressor eNodeB, to each TDD configuration of victim eNodeB is provided in Table 2.

Any UL:DL ratio can be achieved by hopping different TDD configurations. For example a UL:DL ratio of 1:5 can be obtained by forming a hopping pattern of TDD configuration (4, 5). Similarly for 2:3 by TDD configuration hopping pattern (1, 5, 6). This provides the flexibility to achieve any UL:DL ratio corresponding to a traffic load requirement not available in the specified set of  UL:DL configurations in LTE.

Additional information like coupling gain between any pair of eNodeBs, the finer accuracy of the UL:DL ratio of all eNodeBs, the time duration over which the required UL:DL ratio needs to be met etc. about other eNodeBs are required. Appropriate choice of hopping pattern is chosen for each eNodeB at a centralized network controller or at individual eNodeBs based on the available information. The length of the hopping pattern chosen can be sufficiently small enough to achieve the required UL:DL  ratio (α) within a window size (w) based on the dynamic change in the traffic load at each eNodeB. The window size w can be in multiples of frames required to meet the UL:DL ratio α.

A tolerance (τ) varying between 0 and 1 will help in achieving a target UL:DL ratio much closer to the required UL:DL ratio. An eNodeB/radio-network-controller would compute hopping pattern that would provide a UL:DL ratio within the tolerance interval {(1-τ) α, (1+τ) α}. The value τ can be used to tradeoff between target UL:DL ratio (α) and interference mitigation. For τ closer to 1, interference mitigation gain is more due to the possibility of having more number of hopping sequences, however, the achieved overall UL:DL ratio may not be closer to α. Similarly τ closer to 0, provides UL:DL ratio closer to α, with less number of hopping sequences, which may result in reduced interference mitigation gain in the network. If there is no hopping pattern which would provide the desired α within the tolerance interval and desired window size, then a hopping pattern achieving a target UL:DL ratio closer to the α is chosen. A flow chart for the procedure is given in Figure 2.
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Table 1 Example hopping pattern for various UL:DL configurations in LTE
	UL:DL configuration
	UL:DL ratio excluding special subframes
	Hopping sequences

	0
	6:2
	

	1
	4:4
	(0,2) (hopping pattern 1)

(2,6,6) (hopping pattern 2)

	2
	2:6
	(3,3,4,5)

	3
	3:6
	(1,2,2)

	4
	2:7
	(3,5)

	5
	1:8
	

	6
	5:3
	(0,1)


Table 2 Number of DL Subframes interfering to UL Subframes for UL:DL configurations in LTE. (Each row corresponds to UL:DL configuration of interfering eNodeB, and each column corresponds to UL:DL configuration of victim eNodeB)
	
	UL:DL-

Config 0
	UL:DL-

Config 1
	UL:DL-

Config 2
	UL:DL-

Config 3
	UL:DL-

Config 4
	UL:DL-

Config 5
	UL:DL-

Config 6

	UL:DL-Config 0
	0
	0
	0
	0
	0
	0
	0

	UL:DL-Config 1
	2
	0
	0
	1
	0
	0
	1

	UL:DL-Config 2
	4
	2
	0
	2
	1
	0
	3

	UL:DL-Config 3
	3
	2
	1
	0
	0
	0
	2

	UL:DL-Config 4
	4
	2
	1
	1
	0
	0
	3

	UL:DL-Config 5
	5
	3
	1
	2
	1
	0
	4

	UL:DL-Config 6
	1
	0
	0
	0
	0
	0
	0




3. System Simulation

We have performed system simulations to show improvement in UL and impact on DL performance. Picos are dropped in clustered manner inside the macro hexagonal layout.  Macro cells are deployed but not activated. A random UL:DL ratio requirement is assigned to each pico. In benchmark simulation, each pico chooses a TDD configuration statically which would satisfy it's UL:DL ratio requirement. In interference coordination, a set of neighboring picos are made to coordinate, and made to collectively choose TDD configuration hopping sequence for each pico. The system simulation assumptions are given in Table 4 and Table 5 in Appendix.

SINR and Throughput are compared in Figure 3 and Figure 4 respectively.  It is observed that the proposed method improves UL throughput without impacting significantly on DL throughput.

[image: image1.png]COF

Wideband Pre-Prosessing SINF (84 Picos, 210 UEs)

1
Uplink Benchmark e
0s Uplink Interfersnce Coordination 7
— =" Downlink Benchmark P
0.8 |~ — Downlink Interference Coordination or;
07 4
08
05
04
03
0z 4
01
o i
50 40 a0 20 10 o 0 20 a0 a0

SINRIdB)





[image: image2.png]COF

0s

08

07

08

05

04

03

0z

01

User Throughput (84 Picos, 210 UEs)

Normalized User Throughput [bpsiHz]

i
i
7
LA 4
I
7
i
e
i
i Uplink Benchmark H
i Uplink Inferference Coordination
——" Downlink Benchmark
: — — Downlink Interisrence Coordination
Xl 02 03 04 05 06 07 08

0s





Table 3 Spectral Efficiency Comparison
	Method
	UE Spectral Efficiency (bps/Hz)
	Cell Edge Spectral Efficiency (bps/Hz)

	
	UL
	DL
	UL
	DL

	Benchmark
	0.0379
	0.126
	 0.009
	0.013

	TDD Hopping
	0.046
	0.117
	0.010
	0.014


4. Conclusion
· If information about neighboring eNodeB's UL:DL ratio requirement is available, then UL subframes can be coordinated to minimize DL to UL interference.

· Using the proposed interference coordination, UL throughput improves significantly, while impacting less on DL throughput.

· Forming a hopping pattern by combining UL:DL configurations also helps to achieve any required UL:DL ratio target that might not be supported by the standards already.  
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Appendix
Table 4: System Level Simulation Assumptions (Macro eNodeB)

	Parameters
	Values and comments

	Cell Layout
	7x3 hexagonal grid, with wrap-around 

	Terrain model
	Scenario 2 as per TR 36.828

	Inter-site distance
	500 m

	Carrier Frequency
	2 GHz

	Carrier Spacing
	10MHz 

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-NodeB Correlation :1.0 
Correlation Distance: 50m 

	Antenna pattern
	3GPP ant (2D ant):            

              

             = 70 degrees,    Am = 20 dB



	UE Tx Power
	23 dBm

	Max UE Antenna Gain
	0 dBi

	Noise figure of UE
	7 dB

	Thermal noise density
	-174 dBm/Hz

	Number of Antennas
	UE = 2

	Uplink Power Control
	Open-Loop Power Control as per TS 36.213

	Traffic model
	Full buffer

	Number of picos per macro
	 4


Table 5: System Level Simulation Assumptions (Pico eNodeB)

	Parameters
	Values and comments

	Path Loss
	L=140.7 + 36.7log10(R), R in kilometres [2]

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

	Log Normal Fading 
	Standard Deviation: 8 dB, 10 dB

Inter-eNodeB Correlation: 0.5

Intra-eNodeB Correlation :1.0

Correlation Distance: 50m 

	Antenna pattern
	1 Antenna with 2D omni-directional

	Maximum Tx Power
	30 dBm

	Max eNodeB Antenna Gain
	5 dBi

	Noise figure of eNodeB
	5 dB


Network-controller/eNodeB computes a set of 


TDD hopping patterns (Ŝi) for ith eNode-B which


would satisfies the required UL:DL ratio (αi)


 with tolerance (τi) within the window size (wi)





Network-controller/eNodeB get UL:DL ratio (αi),


 corresponding tolerance (τi) and window size (wi) 


required for ith eNode-B. 





Network-controller/eNodeB picks a combination


of TDD hopping patterns across eNodeB, from the above


computed patterns (Ŝ), which would minimize 


total DL to UL interference in the network.





Figure 2 Interference Coordination Procedure





Figure 3 SINR Comparison





Figure 4 Throughput Comparison
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Figure 1 (Interference Coordination Example) eNodeB2 choosing TDD hopping instead of fixed TDD configuration, reduces total DL to UL interference while achieving the required UL:DL ratio
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