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1 Introduction

This contribution presents the performance results of TDD uplink-downlink re-configuration for Rel-11 TDD enhancements under co-channel macro-pico scenario. With dynamic UL-DL re-configuration, the eNB can change TDD configuration in adaptation to the traffic situations. However, high co-channel interference from macros to picos would offset benefits of dynamic UL-DL configuration without applying interference mitigation scheme. To assess potential benefits of dynamic TDD UL-DL configuration, we evaluated performance for co-channel macro-pico scenario for the cases with and without applying interference mitigation schemes as well as the fixed configuration case and compare the results for the respective cases. The results are shown for the reconfiguration rates 10ms and 640ms with the performance metrics such as packet throughput (average, 5%, 50%, 95%) and average subframe utilization, as per the agreements in [5]. 
2 Simulation models and assumptions
Performance benefits of the dynamic TDD UL-DL configuration ware shown for the isolated cell scenario and multi-pico no-macro scenario in [1][2], respectively. The benefits are mainly due to dynamically adjusting the amount of resources used for DL and UL in adaptation to the generated traffic load in the respective links. According to the results in [1][2], the throughput gains increase when the cell traffic load is low or medium and the file size is smaller, which increases flexibility in re-configuring the TDD UL-DL configuration in adaptation to instantaneous traffic situations in DL and UL. In addition, the faster reconfiguration provides larger gains than slower reconfiguration. 
To assess benefits of dynamic TDD UL-DL reconfiguration for more realistic deployment scenarios, the performance was evaluated for co-channel macro-pico cell scenarios with taking into account high interference due to macro cells in the evaluations. In co-channel macro-pico scenarios without coordinated reconfiguration, pico DL (UE reception) and UL (pico reception) can be substantially interfered by the transmissions from the macro UEs and the macro eNB, respectively, in the opposite link direction. This aspect can be seen from the comparison of the results between the cases with and without interference coordination, provided in the next section.

In addition, interference situation is different between DL/UL only subframes (e.g., subframes #0 and #5) and dynamically reconfigurable subframes (e.g., subframes #3 and #4) due to dynamic change of the link directions in the reconfigurable subframes. System-level evaluations were performed using the simulation models/assumptions given below:
· Simulation case

· Case 1: All macros and picos have the same fixed TDD UL-DL configuration 1

· Case 2: All macros have the same fixed TDD UL-DL configuration 1 and each pico can change TDD UL-DL configuration dynamically

· Case 3: All macros have the same fixed TDD UL-DL configuration 1 with blanking the DL/UL transmissions in  subframe #3, #4, #8 and #9, and each pico can change TDD UL-DL configuration dynamically

· For simulation simplicity, CRS is assumed to be not transmitted in subframe #4 and # 9 of macro cell

· In subframes #0, #1, #5 and #6, both macro and pico cells have DL transmission.

· In subframes #2 and #7, both macro and pico cells have UL transmission

· In subframes #3, #4, #8 and #9, there is no transmission in macro cells (blank subframes) and the subframes are used only for pico DL or UL transmissions.
· Re-configurable TDD UL-DL configuration sets
· 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

Table 2-1. UL-DL re-configuration set [4]
	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 for Cases 2 and 3

· In subframe #0, #1, #5 and #6, only DL interference exists 
· In subframe #2 and #7, only UL interference exists 

· In subframe #3, #4, #8 and #9, inter-cell DL-to-UL and UL-to-DL interference from other cells is considered 

· Asynchronous HARQ even in UL as well as in DL is applied to support HARQ retransmission in any available subframe of the next radioframe 
· 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
	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}


· Uplink-downlink re-configuration scheme

· Macro cells: Fixed TDD UL-DL configuration 1 
· Pico cells: Dynamic reconfiguration in every 10ms and 640ms in Cases 2 and 3, but fixed configuration in Case 1
· At the start of subframe #0, each pico node will select a UL-DL configuration for the corresponding radioframe, based on the relative amount of instantaneous DL and UL traffic waiting for the scheduling in the cell
· Scheduler modeling
· Proportional fair scheduling + First-in first-out 
· CQI measurements

· Two measurement sets for UE
· one set for fixed subframe #0, #1, #5 and #6
· The other set for reconfigurable subframe #3,  #4,  #8 and #9 (measured only when configured as DL)
· Other simulation parameters

· Follow the agreed parameters of set 1 in [5]
3 Simulation results

3.1 Performance metric

The performance metric used in the evaluations are as follows:
· Average UE packet throughput

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

· Average number of DL subframes used for DL transmission per second (SDL)
· Average number of UL subframes used for UL transmission per second (SUL)
The average UE packet throughput and the 5% of average packet throughput gains are useful for assessing the gain due to the dynamic reconfiguration in UE perspective. 
3.2 Results
System simulation results in co-channel macro-pico scenarios are provided in Tables 3-1 through 3-3 for TDD UL-DL configuration 1. For Cases 2 and 3, we compare the throughput results between 10ms and 640ms reconfiguration rates. The arrival rates λDL=0.5 and λUL=0.25 were selected for arrival rates for DL and UL, the respectively, according to the agreed arrival rate ratio between DL and UL in [5].  
In the results provided in Tables 3-1 through 3-3, the throughput improvements for the macro cell and the pico cell due to the dynamic re-configuration and interference mitigation scheme are separately shown for the applied traffic parameter and TDD configuration. Observations are summarized below:
Table 3-1: Case 1 – Fixed configuration(TDD configuration 1, λDL=0.5, λUL=0.25)
	Cell area
	DL
	UL

	
	Avg.
	SDL
	5%
	50%
	95%
	Avg.
	SUL
	5%
	50%
	95%

	Macro
	13.23
	129
	6.54
	14.1
	19.2
	3.03
	323
	1.023
	2.71
	5.39

	Pico
	15.31
	105
	7.64
	15.7
	20.1
	6.10
	201
	2.223
	4.92
	6.14


Table 3-2: Case 2 – Reconfiguration without interference mitigation (TDD configuration 1, λDL=0.5, λUL=0.25)
	Time-scale
	Cell area
	DL
	UL

	
	
	Avg.
	SDL
	5%
	50%
	95%
	Avg.
	SUL
	5%
	50%
	95%

	10ms
	Macro
	12.12
(-8.3%)
	180
	5.94
	12.4
	16.4
	1.12
(-66%)
	473
	0.394
	1.32
	4.53

	
	Pico
	14.3
(-6.5%)
	124
	7.03
	14.2
	16.4
	3.04
(-50.1%)
	318
	1.032
	3.1
	5.43

	640ms
	Macro
	12.74
(-3.1%)
	167
	6.1
	13.2
	17.4
	1.33
(-59.4%)
	433
	0.424
	1.54
	4.9

	
	Pico
	14.8
(-3.3%)
	119
	7.53
	14.3
	17.9
	3.54
(-41.9%)
	292
	1.234
	3.67
	5.43


Table 3-3: Case 3 – Reconfiguration with interference mitigation (TDD configuration 1, λDL=0.5, λUL=0.25)
	Time-scale
	Cell area
	DL
	UL

	
	
	Avg.
	SDL
	5%
	50%
	95%
	Avg.
	SUL
	5%
	50%
	95%

	10ms
	Macro
	12.9

(-2.5%)
	133
	6.12
	13.4
	18.4
	2.03
(-33.4%)
	375
	0.932
	2.16
	4.69

	
	Pico
	20.5
(33.9%)
	83
	10.53
	20.31
	24.2
	9.43
(54.5%)
	140
	4.532
	9.53
	12.34

	640ms
	Macro
	12.9
	133
	6.12
	13.4
	18.4
	2.03
	375
	0.932
	2.16
	4.69

	
	Pico
	17.4
(13.6%)
	93
	8.43
	16.5
	  20.3
	7.98
(30.8%)
	183
	3.445
	7.53
	9.23


Comparison between fixed configuration (Case 1) and dynamic reconfiguration without interference mitigation (Case 2) (Table 3-1 and 3-2)

· Both macro and pico throughputs for Case 2 are worse than those for Case 1
· It is due to UL-to-DL and DL-to-UL interference in Case 2, which does not exist in Case 1

· With 10ms reconfiguration, pico cells of Case 2 give 6.5% and 50.1% less average packet throughput for DL and UL, respectively, compared to Case 1

· In Case 2, more degradation is observed with 10ms reconfiguration than 640ms reconfiguration

· It may be because in case of 640ms reconfiguration, the interference mismatch due to the change of the link direction in neighboring cells does not occur during each 640ms interval

Comparison between Case 2 (w/o interference mitigation) and Case 3(with interference mitigation) (Table 3-2 and 3-3)

· With applying interference mitigation (Case 3), huge performance throughput gain is observed in both DL and UL of pico cells

· With 10ms reconfiguration, Case 3 gives 43.4% and 210% larger average packet throughput in DL and UL, respectively, compared to Case 2

· With 640ms reconfiguration, Case 3 gives 17.5% and 125% larger average packet throughput in DL and UL, respectively, compared to Case 2

Comparison between difference time-scale of reconfiguration for Case 1 and Case 3 (Table 3-1 and 3-3)

· Comparing the results for 10ms and 640ms reconfiguration cases, 10ms reconfiguration achieves 18% larger average packet throughput than 640ms reconfiguration, as the faster reconfiguration gives more chances to adapt to the instantaneous traffic situation 

· Comparing the results for the fixed configuration and the 10ms time-scale reconfiguration, 

· For pico average packet throughput, 10ms time-scale reconfiguration gives 33.9% and 54.5% larger throughput  in DL and UL, respectively

· For macro average packet throughput, 10ms time-scale reconfiguration gives 2.5% and 33.4% less throughput  in DL and UL, respectively, due to the blank subframes in the macro cells in Case 3

4 Conclusion
This contribution presented system simulation results of dynamic reconfiguration of TDD UL-DL configuration in co-channel macro- pico scenarios. According to the results, with applying interference mitigation between macro and pico cells, the dynamic reconfiguration provides huge packet throughput improvement compared to the fixed configuration. Also, as in isolated cell scenarios and multi pico cells scenarios, 10ms time-scale reconfiguration provides larger gain than 640ms time-scale reconfiguration. Comparing the results between the cases with and without interference mitigation, the benefit of dynamic reconfiguration considerably decreases, mainly due to the substantial interference from macro cell to pico cells.
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