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1 Introduction

This contribution presents the preliminary results of uplink-downlink re-configuration performance for Rel-11 TDD enhancements. With the uplink-downlink re-configuration, the network can use UL subframe for DL transmission and/or DL subframe for UL transmission in adaptation to the traffic situations. To see potential benefits of uplink-downlink re-configuration and identify proper simulation parameters including traffic models, we evaluate performance of dynamic uplink-downlink reconfiguration under various parameters of the burst traffic model in isolated cell. We compare the results with the full queue traffic model in terms of UE experienced performance metric such as edge user throughput and average user throughput. 
2 Simulation models and assumptions
The benefits of reconfiguration of UL-DL subframe ratios will come from the fluctuation of uplink and downlink traffic and amount of available resources corresponding to the generated traffic load in uplink and downlink. The required time-scale of re-configuration depends on the fluctuation rate of traffic imbalance between uplink and downlink. For example, if all UEs have 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 reading time of the generate traffic. . In the simulation model in TR36.814 [1], the FTP traffic model was adopted with fixed parameters for reading time and file size. In order to reflect the realistic situations with different amount of generated traffic and degree of fluctuation between uplink and downlink, we have performed simulations for various parameters for file size and reading time. We performed system-level simulations for preliminary evaluations of TDD reconfiguration benefits using the frame structures and simulations models/assumptions given below:
· Re-configurable radioframe structure
· The eNB select one of Rel.8 TDD UL-DL configurations (0, 1, 3, 4, 5 and 6 in [2]) in the initial stage

· As configuration 2 and 4 have the same ratio of DL-UL subframes, only configuration 4 is used in the evaluation for simplicity
· The subframes 0, 1, 2, 5 and 6 are assumed to be not re-configurable as shown in figure 2-1
· The subframes 2 to 4 and 7 to 9 are dynamically re-configurable for either downlink or uplink transmissions
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Figure 2-1. Radioframe structure

· Interference modeling and assumption

· Inter-cell interference in fixed region

· No interference from other cell in reconfigurable subframes
· Traffic model
· Burst traffic and full queue 
· For burst traffic, the FTP traffic model in TR36.814 is used with adding more values for the file size and reading time, e.g., 0.01 Mbytes file size and 9 seconds reading time for the lightest traffic and 0.5 Mbytes and 1 second reading time for the heaviest traffic
· Different reading time can be applied in uplink (DUL) and downlink (DDL)
Table 2-1.  FTP Traffic Model 

	Parameter
	Statistical Characterization

	File Size, S
	0.01, 0.03, 0.06, 0.12, 0.5 Mbytes (Size values other than 0.5 Mbytes are new ones not included in TR 36.814)

	Reading Time, D
(DDL for downlink, DUL for uplink)
	Exponential Distribution, Mean= 1~9 seconds (Mean values other than 5 second are new ones not included in TR 36.814)
PDF: 
[image: image2.wmf]0

,

³

=

-

D

e

f

D

D

l

l

 λ = 1/9~1

	Number of users, K 
	10


· Uplink-downlink re-configuration scheme

· Dynamic reconfiguration in every 10msec
· At the start of every subframe 0, eNB will decide the type (DL or UL) of reconfigurable subframes in the corresponding radioframe, based on the relative amount of total DL and UL traffic which waits for the scheduling by the cell
· An uplink subframe corresponding to an on-going UL HARQ process cannot be changed into a downlink subframe
3 Simulation results

3.1 Performance metric

The performance metric used in the evaluations are as given below, with the same definition as in TS 36.814 [1]: 
· Served cell throughput = total amount of data for all users / total amount of observation time / number of cells

· 5% user throughput and average user throughput
· 
User throughput = amount of data (file size) / time needed to download data
· 
Time needed to download data starts when the packet is received at the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver
· NCT (Normalized Cell Throughput) = served cell throughput / full buffer served cell throughput
The 5% use and average user throughput gains are useful for assessing the gain of the dynamic reconfiguration in UE perspective. The gain of the dynamic reconfiguration is evaluated in terms of the throughput improvement in percentage relative to the throughput achievable without dynamic reconfiguration for a given file size.
3.2 Results
System simulation results are provided in Tables 3-1 through 3-6 for TDD UL-DL configurations 0, 1, 3, 4, 5 and 6, respectively. For the respective TDD UL-DL configurations, the reading time for DL and UL, respectively, was decided in accordance to the ratio of DL and UL subframes in the TDD configuration to provide the maximum throughput in long term. In each table, we compare the throughput results between the cases without and with dynamic reconfiguration. 
If DDL is 1msec and DUL = 9msec for downlink and uplink, respectively, the downlink will generate 9 times more traffic data than uplink. Bursty arrivals of the FTP traffic can lead to significant misalignment between the ratio of DL and UL subframes and the relative amount of DL and UL traffic. In case of dynamic reconfiguration approach, the type (DL or UL) of the flexible subframes can change dynamically in adaptation to short-term traffic situation between downlink and uplink and this result in a ratio of UL and DL subframes aligned with the relative amount of traffic between DL and UL. 
According to the results in Tables 3-1 to 3-6, performance improvement due to dynamic re-configuration varies depending on traffic parameters and TDD UL-DL configuration. The following observations are made from the results for the respective cases of UL heavy/DL heavy/moderate TDD UL-DL configurations.
UL heavy configuration (Table 3-1 TDD UL-DL configuration 0, 4DL:6UL)

· Five UL subframes can be dynamically switched for DL transmission in adaptation to traffic situations in DL and UL, on the other hand, no DL subframe can be used for UL transmission due to no DL subframe in reconfigurable subframe duration.
· Performance gain 

· DL: cell edge UE throughput 150%, average UE throughput 64.2%, NCT gain 26% at the maximum
· Provisioning of more DL subframes by dynamically re-configuring UL subframes in adaptation to traffic situations increases the chances that scheduling of low geometry UEs are not delayed to the next radio frame.
· UL: no gain
· This is because no DL subframe is reconfigurable for UL transmission.
· Re-configuration of some UL subframes for DL transmission results in slight loss in UL throughput.
DL heavy configuration (Table 3-5 TDD UL-DL configuration 5, 9DL:1UL)

· Five DL subframes are dynamically reconfigurable for UL transmission.
· Performance gain

· DL: no gain
· With a single UL subframe only in configuration 5, the UL subframe would rarely be re-configured for DL transmission due to the existence of UL traffic.
· UL: cell edge UE throughput 239%, average UE throughput 49%, NCT gain 38.1% at the maximum
· Provisioning of more UL subframes by dynamically re-configuring DL subframes in adaptation to traffic situations increases the chances that scheduling of low geometry UEs are not delayed to the next radio frame.
Moderate configuration (Table 3-2 TDD UL-DL configuration 1, 6DL:4UL)
· Two DL subframes are dynamically reconfigurable for UL transmission and three UL subframes are reconfigurable for DL transmission
· Performance gain 
· DL: cell edge UE throughput 54%, average UE throughput 18.9%, NCT gain 7% at the maximum
· As the number of UL subframes re-configurable for DL transmission is smaller than the case of configuration 0, the gain is accordingly smaller than configuration 0.
· UL: cell edge UE throughput 46%, average UE throughput 28.2%, NCT gain 7% at the maximum

· As the number of UL subframes re-configurable for DL transmission is smaller than the case of configuration 0, the gain is accordingly smaller than configuration 0.
Table 3-1. Configuration 0 results (4DL:6UL, DDL=6, DUL=4 )
	S
 (file size, Mbytes)
	Without dynamic reconfiguration
	With dynamic reconfiguration

	
	DL
	UL
	DL
	UL

	
	NCT
	5% user throughput
	NCT
	5% user throughput
	NCT gain
	Avg. User gain
	5% user throughput gain
	NCT gain
	Avg. User gain
	5% user throughput gain

	-
	1.00
	0.01
	1.00
	0.015
	-
	-
	-
	-
	-
	-

	0.5
	0.84
	0.011
	0.94
	0.054
	1%
	-3.0%
	0%
	-1%
	-1.6%
	0%

	0.12
	0.74
	0.012
	0.45
	0.277
	26%
	12.4%
	67%
	-1%
	-4.3%
	-3%

	0.06
	0.58
	0.018
	0.24
	0.229
	26%
	62.1%
	150%
	0%
	-5.0%
	-5%

	0.03
	0.37
	0.03
	0.12
	0.187
	16%
	64.2%
	80%
	0%
	-4.7%
	-1%

	0.01
	0.17
	0.046
	0.05
	0.146
	13%
	43.1%
	121%
	0%
	-8.4%
	-8%


Table 3-2. Configuration 1 results (6DL:4UL, DDL=4, DUL=6)

	S
 (file size, Mbytes)
	Without dynamic reconfiguration
	With dynamic reconfiguration

	
	DL
	UL
	DL
	UL

	
	NCT
	5% user throughput
	NCT
	5% user throughput
	NCT gain
	Avg. User gain
	5% user throughput gain
	NCT gain
	Avg. User gain
	5% user throughput gain

	-
	1.00
	0.016
	1.00
	0.01
	-
	-
	-
	-
	-
	-

	0.5
	0.82
	0.017
	0.89
	0.016
	-1%
	-3.8%
	0%
	0%
	3.5%
	6%

	0.12
	0.65
	0.022
	0.61
	0.13
	5%
	18.9%
	0%
	7%
	27.7%
	46%

	0.06
	0.46
	0.028
	0.34
	0.139
	7%
	13.6%
	54%
	3%
	19.4%
	18%

	0.03
	0.28
	0.049
	0.18
	0.126
	5%
	10.2%
	12%
	0%
	28.2%
	32%

	0.01
	0.13
	0.069
	0.07
	0.102
	0%
	4.9%
	38%
	2%
	14.4%
	27%


Table 3-3. Configuration 3 results (7DL:3UL, DDL=3, DUL=7)

	S
 (file size, Mbytes)
	Without dynamic reconfiguration
	With dynamic reconfiguration

	
	DL
	UL
	DL
	UL

	
	NCT
	5% user throughput
	NCT
	5% user throughput
	NCT gain
	Avg. User gain
	5% user throughput gain
	NCT gain
	Avg. User gain
	5% user throughput gain

	-
	1.00
	0.018
	1.00
	0.007
	-
	-
	-
	-
	-
	-

	0.5
	0.88
	0.02
	0.86
	0.011
	-1%
	-0.9%
	0%
	2%
	-6.5%
	-9%

	0.12
	0.73
	0.022
	0.68
	0.069
	2%
	3.8%
	0%
	2%
	3.9%
	1%

	0.06
	0.54
	0.03
	0.37
	0.089
	0%
	0.0%
	13%
	4%
	25.5%
	42%

	0.03
	0.34
	0.058
	0.20
	0.081
	2%
	7.8%
	41%
	5%
	70.3%
	83%

	0.01
	0.16
	0.08
	0.08
	0.073
	0%
	4.2%
	30%
	-4%
	22.7%
	62%


Table 3-4. Configuration 4 results (8DL:2UL, DDL=2, DUL=8)

	S
 (file size, Mbytes)
	Without dynamic reconfiguration
	With dynamic reconfiguration

	
	DL
	UL
	DL
	UL

	
	NCT
	5% user throughput
	NCT
	5% user throughput
	NCT gain
	Avg. User gain
	5% user throughput gain
	NCT gain
	Avg. User gain
	5% user throughput gain

	-
	1.00
	0.021
	1.00
	0.005
	-
	-
	-
	-
	-
	-

	0.5
	0.92
	0.022
	0.80
	0.007
	-3%
	-1.0%
	0%
	19%
	10.3%
	43%

	0.12
	0.80
	0.025
	0.74
	0.023
	1%
	-2.0%
	0%
	0%
	5.6%
	26%

	0.06
	0.65
	0.028
	0.47
	0.05
	1%
	3.0%
	1%
	4%
	3.4%
	10%

	0.03
	0.44
	0.051
	0.26
	0.054
	1%
	4.0%
	2%
	4%
	9.8%
	19%

	0.01
	0.21
	0.106
	0.11
	0.049
	0%
	1.0%
	1%
	0%
	23.4%
	55%


Table 3-5. Configuration 5 results (9DL:1UL, DDL=1, DUL=9)

	S
 (file size, Mbytes)
	Without dynamic reconfiguration
	With dynamic reconfiguration

	
	DL
	UL
	DL
	UL

	
	NCT
	5% user throughput
	NCT
	5% user throughput
	NCT gain
	Avg. User gain
	5% user throughput gain
	NCT gain
	Avg. User gain
	5% user throughput gain

	-
	1.00
	0.024
	1.00
	0.002
	-
	-
	-
	-
	-
	-

	0.5
	0.96
	0.024
	0.71
	0.003
	-1.0%
	-1.10%
	0.0%
	6.2%
	0%
	33%

	0.12
	0.92
	0.026
	0.69
	0.005
	-3.3%
	-2.30%
	0.0%
	38.1%
	4%
	40%

	0.06
	0.82
	0.028
	0.62
	0.008
	-0.9%
	-5.40%
	0.0%
	17.2%
	10%
	88%

	0.03
	0.65
	0.036
	0.42
	0.015
	-5.2%
	-3.40%
	-5.6%
	13.4%
	25%
	200%

	0.01
	0.35
	0.100
	0.19
	0.023
	-0.4%
	0%
	0.0%
	4.6%
	49%
	239%


Table 3-6. Configuration 6 results (5DL:5UL, DDL=5, DUL=5)

	S
 (file size, Mbytes)
	Without dynamic reconfiguration
	With dynamic reconfiguration

	
	DL
	UL
	DL
	UL

	
	NCT
	5% user throughput
	NCT
	5% user throughput
	NCT gain
	Avg. User gain
	5% user throughput gain
	NCT gain
	Avg. User gain
	5% user throughput gain

	-
	1.00
	0.0134
	1.00
	0.012
	-
	-
	-
	-
	-
	-

	0.5
	0.79
	0.014
	0.90
	0.034
	2%
	-0.4%
	0%
	1%
	5.0%
	3%

	0.12
	0.60
	0.016
	0.64
	0.183
	13%
	14.0%
	56%
	-1%
	-0.3%
	1%

	0.06
	0.43
	0.025
	0.33
	0.201
	8%
	19.0%
	56%
	2%
	2.3%
	3%

	0.03
	0.27
	0.063
	0.17
	0.17
	-6%
	25.0%
	69%
	0%
	5.2%
	13%

	0.01
	0.12
	0.054
	0.07
	0.144
	4%
	31.0%
	48%
	0%
	2.0%
	1%


4 Conclusion
This contribution presented preliminary system simulation results of dynamic re-configuration of TDD UL-DL configuration in adaptation to traffic situations. With the dynamic re-configuration, an eNB can maximize resource utilization in both downlink and uplink by switching the transmission direction in the reconfigurable subframes. Under burst traffic model, the edge user throughput gain reached 239% and 150% in uplink and downlink, respectively, compared to the cases without dynamic re-configuration. The gain varies depending on the traffic parameters and the portions of DL and UL subframes reconfigurable into the other type. To assess potential benefits of TDD dynamic re-configuration, it seems necessary to perform evaluations for various parameters of burst traffic model and multiple TDD UL-DL configurations, as proposed in our companion contribution [3].
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Appendix
· Full queue results
	Configuration
	DL
Cell throughput
	DL 
5% user throughput
	UL 
Cell throughput
	UL 
5% user throughput

	0
	0.5243
	0.01
	0.5489
	0.015

	1
	0.781
	0.016
	0.3613
	0.01

	3
	0.9089
	0.018
	0.2696
	0.007

	4
	1.03678
	0.021
	0.17675
	0.005

	5
	1.16397
	0.024
	0.08531
	0.002

	6
	0.65467
	0.0134
	0.45492
	0.012


· Simulation assumptions
	Parameter 
	Assumption 

	Channel model 
	3GPP Spatial channel Model (SCM) 

	Total eNodeB TX power 
	46dBm – 10MHz Carrier 

	Shadowing standard deviation 
	10dB 

	Penetration Loss 
	20dB 

	Antenna configuration 
	TX : 1 , RX : 1 

	Traffic model 
	Full buffer  and burst traffic model

	Minimum distance between UE and eNB 
	>=35m 

	DL HARQ 
	IR, non-adaptive, asynchronous 

	Downlink scheduler 
	Proportional fair 

	Downlink link adaptation 
	Frequency selective CQI report with 5msec periodicity and 6msec delay 

	Channel estimation and error
	Ideal channel estimation and no feedback errors 

	Uplink scheduler
	Proportional fair

	Uplink SRS 
	SRS transmission in every 5msec periodicity

	UL HARQ
	IR, non-adaptive, synchronous
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