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1 Introduction

This contribution presents the performance results of uplink-downlink re-configuration for Rel-11 TDD enhancements. With dynamic uplink-downlink re-configuration, the network can change TDD configuration in adaptation to the traffic situations. To see potential benefits of uplink-downlink re-configuration, we evaluate performance of dynamic TDD reconfiguration under various parameters of the burst traffic model for isolated cell scenarios. We show the results for the cases of different reconfiguration rate (Fixed, 10ms and 640ms) and various values of arrival rate in terms of performance metric such as average packet throughput and resource utilization, as agreed in [1]. 
2 Simulation models and assumptions
The benefits of the dynamic TDD reconfiguration come from dynamically adjusting the amount of resources used for DL and UL in adaptation to the generated traffic load in the respective links. The required time-scale of re-configuration depends on the fluctuation rate of traffic imbalance between uplink and downlink. For example, if an eNB has heavy traffic in both downlink and uplink, there would be no available resource for re-configuration whether the level of traffic fluctuation is high or low. It is noted that even between the cases that the total amount of generated traffic during a given period is identical, the fluctuation of imbalance in the amount of DL and UL traffic in the cell can vary depending on the file size and arrival rate of the generate packets.  In the agreed simulation model in [1], the FTP traffic model 1 was adopted with various parameters for arrival rate with 0.5 and 2 Mbytes file size for evaluation. In order to reflect the different traffic situations with different amount of generated traffic and degree of fluctuation between uplink and downlink, we have performed simulations for various parameters for arrival rate with satisfying traffic ratio of selected TDD configuration in [1]. We performed system-level simulations to evaluate the performance using simulation models/assumptions given below:
· Re-configurable radioframe sets
· Select TDD configuration and traffic ratio as provided below:
· Traffic ratio of UL-DL configuration 0 DL/UL=1/2
· Traffic ratio of UL-DL configuration 1 DL/UL = 1/1
· Traffic ratio of UL-DL configuration 2 DL/UL= 2/1, 4/1
· The TDD UL-DL configurations are dynamically re-configurable in every 10ms or 640ms among the TDD UL-DL configurations shown in Table 2-1, which have 5 ms periodicity in the UL-DL subframe configuration for simulation simplicity.
Table 2-1. UL-DL re-configuration set[3]
	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


· Interference and HARQ modeling

· No inter-cell interference from other cell in all subframes
· No HARQ 

· Traffic model
· For burst traffic, the FTP traffic model 1 in TR36.814 is used with modified values defined in [1] 
· The same file size is applied in uplink and downlink traffic generation

· Different arrival rate can be applied in uplink (λ UL) and downlink (λ DL)
Table 2-2.  FTP Traffic Model 

	Parameter
	Statistical Characterization

	File size, S

	2 Mbytes and 0.5 Mbytes  (one user downloads a single file)

	User arrival rate λ
	Poisson distributed with arrival rate λ
- For 0.5Mbytes: λ={0.25, 0.5, 1, 1.5, 2, 2.5, 5. 7.5}

- For 2Mbytes: λ= {0.06, 0.12, 0.25, 0.37, 0.5, 0.625, 1.25, 1.875}



· Uplink-downlink re-configuration scheme

· Dynamic reconfiguration in every 10ms and 640ms
· At the start of every subframe 0, eNB will select a UL-DL configuration for the corresponding radioframe, based on the relative amount of DL and UL traffic waiting for the scheduling by the cell
· Scheduler modeling
· Proportional fair scheduling + First-in first-out 
3 Simulation results

3.1 Performance metric

The performance metric used in the evaluations are as follows, as agreed in [1]: 
· Average UE packet throughput

· [5% 50% 95%] of average UE packet throughput

· Resource utilization
The average UE packet throughput and the 5% of average packet throughput gains are useful for assessing the gain due the dynamic reconfiguration in UE perspective. 
3.2 Results
System simulation results are provided in Tables 3-1 through 3-8 for TDD UL-DL configurations 0, 1, and 2 following the RAN1 agreements in [1]. In each table, we compare the throughput results between the cases of fixed configuration and 10ms and 640ms dynamic reconfigurations. Among the agreed arrival rate parameters [1], the respective arrival rates for DL and UL were selected for a few different values of resource utilization for the respective TDD UL-DL configurations. 
Random bursty arrivals of the FTP traffic in DL and UL can result that the traffic amount for DL and UL in a radio frame is not aligned with the ratio of DL and UL subframes. With the dynamic reconfiguration, the TDD UL-DL configuration can change dynamically to another configuration in adaptation to the short-term relative traffic situation between DL and UL.
According to the results provided in Table 3-1 to 3-8, throughput improvements due to the dynamic re-configuration varies depending on traffic parameters and TDD configuration. Observations for the respective TDD UL-DL configurations are summarized below.
Configuration 0 with DL:UL traffic ratio = 1:2
· By dynamically adapting Configuration 0 to another configuration, the number of DL subframes can be increased in adaptation to short-term traffic situation in DL and UL. On the other hand, the number of UL subframe can be increased as Configuration 0 has more UL subframes than Configurations 1, 2 and 6 used in the evaluations.
· Performance gain
· DL
· In case of the lowest traffic load (Table 3-1, 0.5Mbyte, λ DL=0.5, λ UL=1), 72 % and 23% gains for average UE packet throughput are achieved with 10ms and 640ms re-configuration, respectively.

· Provisioning more DL subframes by dynamically re-configuring UL-DL configuration in adaptation to the short-term traffic situations increases the chances that scheduling DL packets remaining after the previous transmissions are not delayed to the next radioframe.

· With increasing the arrival rate and keeping the DL/UL traffic ratio as 1:2, the DL throughput gain decreases because more amount of UL traffic is generated and thus the UL subframes available for the use for DL decreases. Actually, this applies to the other configurations and traffic ratios.
· Comparing the results for 10ms and 640ms reconfiguration cases, 10ms reconfiguration achieves over 3 times larger gain than 640msec reconfiguration as faster reconfiguration give more chances to adapt  to the instantaneous traffic situation
· In case of 2Mbyte file size, less performance gain is observed than the 0.5Mbytes case because the instantaneous traffic ratio between DL and UL does not vary as much as the 0.5Mbytes case
· UL
· Slight performance loss, unlike for DL
· Configuration 0 is the most UL-heavy case and thus the scheduler cannot increase the number of UL subframes by reconfiguration. This situation prohibits achieving the throughput gain for UL and rather decreases the UL throughput due to the use of UL subframes for DL in some radio frames.

Configuration 1 with DL:UL traffic ratio = 1:1
· Performance gain is observed for both DL and UL throughput. This is because unlike in Configuration 0, the number of either DL or UL subframe can increase by dynamically reconfiguring to Configuration 0, 2 and 6. This results that the throughput gain is achieved for UL as well.
· Comparing the throughput gain between the 0.5Mbytes and 2Mbytes file size, the trend is the same as for Configuration 0

· Performance gain

· With 10 ms reconfiguration, 26% and 51% of average UE packet throughput gain is achieved in DL and UL, respectively, in case of 0.5Mbyte with λ DL=0.5, λ UL=0.5 as shown in Table 3-3.
· With 640 ms reconfiguration, 11% and 12% of average UE packet throughput gain is achieved in DL and UL, respectively, in case of 0.5Mbyte with λ DL=0.5, λ UL=0.5 as shown in Table 3-3.
Configuration 2 with DL:UL traffic  ratio = 2:1 and 4:1
· Configuration 2 is the most DL-heavy configuration among the configurations 0, 1, 2 and 6. Thus, the number of DL subframes cannot be increased further from the original configuration.
· It should be noted that in the simulations, the 2:1 traffic ratio has been realized by increasing the amount of UL traffic with keeping the DL traffic amount, compared to the case of the 4:1 traffic ratio.

· Performance gain

· DL: 

· In most cases of the traffic parameters, there is slight loss in the throughputs for both cases of 10ms and 640ms reconfiguration.

· Comparing the cases of 2:1 and 4:1 traffic ratio, slightly larger loss is seen in case of 2:1 traffic ratio, because DL subframes are more frequently utilized (stolen) for UL with larger UL traffic size in case of the 2:1 traffic ratio, compared to the 4:1 traffic ratio as noted above
· UL: 

· With 10 ms reconfiguration, 86% and 83% of average UE packet throughput gain is achieved for the cases of the 2:1 (λ DL=1, λ UL=0.5) and the 4:1 (λ DL=1, λ UL=0.25) traffic ratios as shown in Tables 3-5 and 3-6, respectively.
· With 640 ms reconfiguration, 33% and 25% of average UE packet throughput gain is achieved for the cases of the 2:1 (λ DL=1, λ UL=0.5) and the 4:1 (λ DL=1, λ UL=0.25) traffic ratios as shown in Tables 3-5 and 3-6, respectively.
Table 3-1: Configuration 0 with file size 0.5Mbytes (DL:UL=1:2)
	
	DL
	UL

	λ DL
	λ UL
	Adapt.
	Avg.
	Util
	5%
	50%
	95%
	Avg.
	Util.
	5%
	50%
	95%

	0.5
	1
	Fixed
	 9.941
	0.19
	6.614
	10.32
	11.72
	 15.96
	0.38
	13.04
	16.00
	18.41

	
	
	640ms
	 12.26 (+23%)
	0.17
	7.003
	12.04
	15.14
	 15.78 (-1%)
	0.42
	12.44
	15.60
	18.84

	
	
	10ms
	 17.10 (+72%)
	0.16
	11.60
	17.98
	20.93
	 15.87 (-0.5%)
	0.39
	12.69
	15.86
	19.06

	1
	2
	Fixed
	 9.015 
	0.36
	5.302
	9.201
	11.01
	 11.16
	0.50
	8.824
	10.40
	17.42

	
	
	640ms
	 10.21(+13%)
	0.30
	5.710
	10.12
	14.64
	 10.57 (-3%)
	0.56
	7.886
	10.00
	16.64

	
	
	10ms
	 14.98 (+66%)
	0.29
	8.503
	13.97
	19.92
	 10.80 (-3.2%)
	0.58
	8.684
	10.86
	16.58

	2.5
	5
	Fixed
	 6.545
	0.61
	3.102
	5.834
	9.832
	 6.271 
	0.95
	4.304
	5.862
	9.242

	
	
	640ms
	 7.071 (+8%)
	0.66
	4.412
	7.923
	13.92
	 4.624 (-26%)
	0.97
	3.388
	4.418
	6.662

	
	
	10ms
	 8.845 (+35%)
	0.67
	4.543
	8.001
	14.51
	 5.562 (-11%)
	0.97
	4.062
	5.314
	7.208


Table 3-2: Configuration 0 with file size 2Mbytes (DL:UL=1:2)

	
	DL
	UL

	λ DL
	λ UL
	Adapt.
	Avg.
	Util
	5%
	50%
	95%
	Avg.
	Util.
	5%
	50%
	95%

	0.25
	0.5
	Fixed
	 8.911
	0.23
	5.342
	9.034
	11.30
	 13.43
	0.42
	9.023
	13.32
	17.34

	
	
	640ms
	 9.542 (+7%)
	0.24
	6.043
	9.758
	11.43
	 12.03 (-10%)
	0.40
	8.932
	12.24
	16.73

	
	
	10ms
	 10.23 (+14%)
	0.24
	7.023
	10.12
	12.24
	 12.8 (-4%)
	0.39
	8.999
	12.98
	16.90

	0.5
	1
	Fixed
	 7.431
	0.54
	5.383
	7.544
	9.642
	 8.231
	0.74
	6.540
	8.320
	10.43

	
	
	640ms
	 7.742 (+4.1%)
	0.57
	5.786
	7.899
	10.24
	 7.032 (-14%)
	0.79
	6.043
	7.143
	9.340

	
	
	10ms
	 8.123 (+9.3%)
	0.49
	6.093
	8.223
	11.02
	 7.223 (-12%)
	0.76
	6.120
	7.333
	9.863


Table 3-3: Configuration 1 with file size 0.5Mbytes (DL:UL=1:1)

	
	DL
	UL

	λ DL
	λ UL
	Adapt.
	Avg.
	Util
	5%
	50%
	95%
	Avg.
	Util.
	5%
	50%
	95%

	0.5
	0.5
	Fixed
	 15.02
	0.11
	6.881
	14.70
	17.30
	 12.28
	0.12
	6.06
	12.56
	16.02

	
	
	640ms
	 16.84 (+11%)
	0.12
	7.793
	16.02
	19.83
	 13.71 (+12%)
	0.14
	6.80
	13.20
	18.00

	
	
	10ms
	 19.04 (+26%)
	0.15
	8.534
	19.84
	21.80
	 18.60 (+51%)
	0.16
	10.20
	18.40
	21.42

	1
	1
	Fixed
	 14.32 
	0.34
	6.712
	14.63
	17.20
	 11.042 
	0.37
	5.650
	11.86
	15.28

	
	
	640ms
	 15.36(+7.3%)
	0.34
	7.752
	16.01
	19.81
	 12.89 (+7%)
	0.30
	6.55
	12.89
	17.71

	
	
	10ms
	 17.05 (+19%)
	0.38
	8.312
	18.01
	21.80
	 16.06 (+45%)
	0.40
	7.90
	16.04
	20.66

	2
	2
	Fixed
	 13.85
	0.51
	6.412
	13.62
	16.62
	 10.65
	0.55
	4.446
	11.46
	14.64

	
	
	640ms
	 14.79 (+4%)
	0.54
	7.731
	14.84
	18.03
	 11.15 (+4.6%)
	0.54
	5.443
	11.02
	17.04

	
	
	10ms
	 16.41 (+18%)
	0.62
	8.301
	16.21
	19.30
	 14.91 (+40%)
	0.60
	7.62
	14.04
	18.79


Table 3-4: Configuration 1 with file size 2Mbytes (DL:UL=1:1)

	
	DL
	UL

	λ DL
	λ UL
	Adapt.
	Avg.
	Util
	5%
	50%
	95%
	Avg.
	Util.
	5%
	50%
	95%

	0.37
	0.37
	Fixed
	 15.58
	0.29
	7.82
	15.24
	18.23
	 12.66
	0.25
	6.04
	12.54
	16.64

	
	
	640ms
	 17.32 (+11%)
	0.31
	8.04
	17.21
	20.32
	 13.83 (+9%)
	0.27
	6.60
	13.74
	18.01

	
	
	10ms
	 18.23 (+17%)
	0.35
	9.01
	18.34
	22.03
	 17.43 (+37%)
	0.30
	8.03
	18.03
	20.12

	0.5
	0.5
	Fixed
	 13.03
	0.54
	6.34
	13.13
	17.02
	 10.23
	0.49
	5.84
	10.11
	15.43

	
	
	640ms
	 13.89 (+6%)
	0.56
	7.34
	14.01
	18.42
	 11.01 (+7%)
	0.51
	6.32
	11.54
	17.45

	
	
	10ms
	 15.01(+15%)
	0.59
	8.76
	15.93
	19.93
	 12.34 (+20%)
	0.57
	6.99
	12.03
	18.45


Table 3-5: Configuration 2 with file size 0.5Mbytes (DL:UL=2:1)

	
	DL
	UL

	λ DL
	λ UL
	Adapt.
	Avg.
	Util
	5%
	50%
	95%
	Avg.
	Util.
	5%
	50%
	95%

	1
	0.5
	Fixed
	 22.44
	0.15
	17.74
	22.43
	24.43
	 8.200
	0.36
	6.584
	8.984
	9.643

	
	
	640ms
	 19.52 (-13%)
	0.16
	17.12
	19.42
	22.84
	 10.92 (+33%)
	0.33
	8.623
	10.84
	14.88

	
	
	10ms
	 21.46 (-4.3%)
	0.15
	17.65
	21.21
	24.01
	 15.26 (+86%)
	0.37
	13.23
	15.83
	17.23

	2
	1
	Fixed
	 18.84
	0.34
	9.241
	18.65
	23.12
	 7.480
	0.63
	3.122
	7.452
	8.432

	
	
	640ms
	 15.41(-18%)
	0.35
	9.839
	15.23
	18.01
	 8.344(+11%)
	0.62
	5.432
	8.602
	10.40

	
	
	10ms
	 16.98 (-9.8%)
	0.34
	10.10
	16.32
	19.01
	 11.85(+58%)
	0.66
	7.043
	11.12
	16.02

	5
	2.5
	Fixed
	 10.36
	0.76
	6.021
	10.86
	15.08
	 3.852
	0.87
	2.092
	3.563
	6.342

	
	
	640ms
	 8.190 (-20%)
	0.73
	4.312
	8.01
	12.03
	 4.006 (+4%)
	0.83
	2.466
	4.290
	9.623

	
	
	10ms
	 9.030 (-15%)
	0.77
	5.231
	9.42
	14.83
	 4.664 (+20%)
	0.85
	2.842
	4.788
	10.62





Table 3-6: Configuration 2 with file size 0.5Mbytes (DL:UL=4:1)

	
	DL
	UL

	λ DL
	λ UL
	Adapt.
	Avg.
	Util
	5%
	50%
	95%
	Avg.
	Util.
	5%
	50%
	95%

	1
	0.25
	Fixed
	 22.44
	0.15
	17.74
	22.43
	24.43
	 2.443
	0.23
	4.200
	5.006
	6.044

	
	
	640ms
	 21.52 (-4%)
	0.16
	17.10
	21.23
	24.31
	 6.143 (+25%)
	0.26
	5.201
	6.209
	6.998

	
	
	10ms
	 22.46 (+0.1%)
	0.17
	17.75
	22.71
	24.01
	 8.942 (+83%)
	0.29
	8.431
	8.893
	9.823

	2
	0.5
	Fixed
	 18.84
	0.34
	9.241
	18.65
	23.12
	 4.005
	0.46
	1.684
	4.022
	5.400

	
	
	640ms
	 17.41(-7.5%)
	0.30
	8.796
	17.55
	21.01
	 4.821 (+20%)
	0.52
	2.982
	4.509
	6.113

	
	
	10ms
	 18.98 (+0.2%)
	0.36
	9.100
	18.83
	22.18
	 5.823 (+45%)
	0.57
	4.203
	5.943
	7.702

	5
	1
	Fixed
	 10.36
	0.76
	6.021
	10.86
	15.08
	 1.923
	0.64
	1.143
	1.923
	2.023

	
	
	640ms
	 9.190 (-11%)
	0.83
	5.441
	9.893
	13.31
	 2.021 (+5%)
	0.69
	1.304
	2.003
	3.773

	
	
	10ms
	 10.03 (-3.1%)
	0.80
	7.262
	10.33
	15.24
	 2.332 (+21%)
	0.73
	1.812
	2.320
	3.956


4 Conclusion
This contribution presented system simulation results of dynamic re-configuration of TDD UL-DL configuration in adaptation to traffic situations. With the dynamic re-configuration, resource utilization can be maximized by changing the DL/UL subframe ratio in accordance to the fluctuation of DL and UL traffic. With the 10ms scale reconfiguration, about 72% throughput gain in DL has been seen for the case of UL heavy configuration (Table 3-1) and 86% throughput gain in UL has been seen for the case of DL heavy configuration (Table 3-5). In case of the 640ms scale reconfiguration, the gains for the cases considered above are about 23% (Table 3-1) and 25% (Table 3-5)
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Appendix
· Simulation assumptions
	Parameter 
	Assumption 

	Channel model 
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

[36.814]

	Total eNodeB TX power 
	30dBm – 10MHz Carrier 

	Shadowing standard deviation 
	3dB for LOS and 4dB for NLOS [ ITU-R M.2135 UMi]

	Antenna configuration 
	TX : 1 , RX : 2

	Traffic model 
	Burst traffic model

	Minimum distance between UE and eNB 
	>=10m 

	DL HARQ 
	Not modeled 

	Channel estimation and error
	Ideal channel estimation and no feedback errors 

	UL HARQ
	Not modeled

	Pico deployment
	single cell with a radius of 40 m [36.814]

	Pico antenna gain
	5 dBi [36.814]

	Pico antenna pattern
	2D, Omni-directional [36.814]

	Pico noise figure
	13 dB [36.104]

	UE antenna gain
	0 dBi [36.942]

	UE noise figure
	9 dB [36.814]

	UE power class
	23 dBm (200 mW) [36.814]

	Number of UEs per pico cell
	10 [36.814]


PAGE  
2

