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1 Introduction
This contribution presents our simulation evaluations of TDD subframe reconfiguration in isolated cell.
2 Clarification on simulation methodologies 
Besides what are specified in [1], additional details of simulation methodologies in our evaluation are given below. 
· Scheduler
The simulation adopts the FIFO-based scheduler, which prioritizes the packets by the corresponding delays in the transmission buffer. 

· Adaptation method of DL/UL reconfiguration

At each instance of subframe reconfiguration, the simulation calculates the two run-time metrics, 
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, which equal to the accumulated packet delays for all existing packets (as well as for all UE) in the transmission buffers on DL and UL respectively, and then chooses one of the seven Rel-8 TDD UL/DL configurations whose DL-to-UL ratio is closest to 
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· DL/UL power control

Open-loop power control is used on UL with 
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· Packet drop time

8s for 0.5MB file size and 32s for 2MB file size are used.  
· Selected DL traffic arrival rate
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{0.5, 2} for 0.5MB file size, and {0.12, 0.5, 1.875} for 2MB file size.  
3 Simulation results and interpretations
Comparison on {5%,50%,95%} UE throughputs and cell average UE throughputs under different reconfiguration cycles are given below.
1) D/U traffic arrival ratio = 1:2, reference UL/DL configuration is TDD0
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Figure 1 {5%,50%,95%} DL UE throughput (D/U traffic ratio=1:2)
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Figure 2 {5%,50%,95%} UL UE throughput (D/U traffic ratio=1:2)
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Figure 3 Cell-average DL/UL UE throughput (D/U traffic ratio=1:2)

It can be seen from Figure 1 to Figure 3 that 

· Subframe reconfiguration has almost no gains when traffic load is high. 
· In a system where more subframes are allocated to UL in fixed D/U configuration and the D/U allocation ratio approximately matches with D/U traffic ratio, the subframe reconfiguration shows significant gain on DL, but no gain on UL. 
· In the case where the throughput gain over fixed D/U allocation is observed, the longer the subframe reconfiguration cycle, the smaller the throughput gain. 
2) D/U traffic arrival ratio = 1:1, reference UL/DL configuration is TDD1
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Figure 4 {5%,50%,95%} DL UE throughput (D/U traffic ratio=1:1)
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Figure 5 {5%,50%,95%} UL UE throughput (D/U traffic ratio=1:1)
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Figure 6 Cell-average DL/UL UE throughput (D/U traffic ratio=1:1)

It can be seen from Figure 4 to Figure 6 that 

· Subframe reconfiguration has almost no gains when traffic load is high. 
· In a system where both subframe resources and traffic loads are even distributed between DL and UL in fixed D/U configuration, the subframe reconfiguration shows significant gains on both DL and UL. 
· In the case where the throughput gain over fixed D/U allocation is observed, the longer the subframe reconfiguration cycle, the smaller the throughput gain. 
3) D/U traffic arrival ratio = 2:1, reference UL/DL configurations are TDD1/2
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Figure 7 {5%,50%,95%} DL UE throughput (D/U traffic ratio=2:1)
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Figure 8 {5%,50%,95%} UL UE throughput (D/U traffic ratio=2:1)
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Figure 9 Cell-average DL/UL UE throughput (D/U traffic ratio=2:1)

It can be seen from Figure 7 to Figure 9 that 

· Subframe reconfiguration has almost no gains when traffic load is high. 
· The subframe reconfiguration can offer more DL gains over TDD1 than over TDD2, and more UL gains over TDD2 than over TDD1. 
· In the case where the throughput gain over fixed D/U allocation is observed, the longer the subframe reconfiguration cycle, the smaller the throughput gain.   
4) D/U traffic arrival ratio = 4:1, reference UL/DL configuration is TDD2
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Figure 10 {5%,50%,95%} DL UE throughput (D/U traffic ratio=4:1)
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Figure 11 {5%,50%,95%} UL UE throughput (D/U traffic ratio=4:1)
[image: image18.png]D/U traffic ratio=4:1

_ 35

4

a 30

£

5 25

2

& 20

F

3

E 15

£

5 10

®

& 5

0 ) i) i il

= ULF= | ULF= UL,F= | UL,F= |DL,F=0 DL, F=2 DL, F=2

o] ) ) ) ) ) _o DL _,|PL

© 0.5,R=|0.5,R=| 2,R=0. | 2,R=0. | 2,R=1. | .5,R=0 DSL';_'S JR=0.1 DRLLSSZ R=1.8
0.5 2 12 5 875 5T 2 | 75

m10ms 19.41717.727 | 20.916 |19.051 |3.0572 | 27.644 | 24.892 | 29.439 | 26.42 |3.3341

=200ms 15.021|14.572 |19.578 |17.899 |2.9927 | 25.844 | 23.231 | 28.818 | 25.930 |3.3209

=640ms 11.41911.370 | 16.828 |15.750 | 2.5476 | 24.733 | 21.214 | 27.511 | 24.756 | 2.7848

= fixed TDDO | 7.0599 | 6.5565 | 7.0669 | 6.6813 | 2.8476 | 24.527 |22.483 |25.735 | 23.451 | 2.9646





Figure 12 Cell-average DL/UL UE throughput (D/U traffic ratio=4:1)

It can be seen from Figure 10 to Figure 12 that 

· Subframe reconfiguration has almost no gains when traffic load is high. 
· In a system where more subframes are allocated to DL in fixed D/U configuration and the D/U allocation ratio approximately matches D/U traffic ratio, subframe reconfiguration shows significant gain on UL, but only small gain on DL. 
· In the case where the throughput gain over fixed D/U allocation is observed, the longer the subframe reconfiguration cycle, the smaller the throughput gain.   
To further investigate the case when subframe reconfiguration shows almost no gain under high traffic load, the resource utilization (RU) and outage percentage for file size equal to 2MB and DL traffic arrival rate equal to 1.875 are summarized in Table 1. It can be seen that there are some cases to have RU close to 1 with a quite small outage percentage. This means that, subframe reconfiguration in the simulation offers almost no gain in the system where the DL/UL traffic are just enough to fill-up the DL/UL resource. In other words, in order to have throughput gains by subframe reconfiguration, the DL/UL resources cannot be fully utilized. 

Another observation in the simulation results is that, subframe reconfiguration always tends to be more useful in raising the UE throughput on one transmission direction (DL or UL) than the UE throughput on another direction if less subframes are allocated on to that transmission direction in a fixed D/U allocation. This is because the less number of subframes on DL or UL always results in averagely longer waiting interval between transmission opportunities on that direction, and such limitation is broken by the subframe reconfiguration.    
	D/U traffic ratio
	 
	 
	10ms
	200ms
	640ms
	TDD Ref #1
	TDD Ref #2

	1:2
	DL
	RU
	1
	1
	1
	1
	 

	
	
	Outage
	0.428
	0.429
	0.658
	0.431
	 

	
	UL
	RU
	1
	1
	1
	1
	 

	
	
	Outage
	0.470
	0.471
	0.718
	0.470
	 

	1:1
	DL
	RU
	1
	1
	1
	1
	 

	
	
	Outage
	0.297
	0.300
	0.505
	0.180
	 

	
	UL
	RU
	1
	1
	1
	1
	 

	
	
	Outage
	0.253
	0.340
	0.418
	0.370
	 

	2:1
	DL
	RU
	1
	1
	1
	1
	0.9939

	
	
	Outage
	0.037
	0.036
	0.126
	0.180
	0.000

	
	UL
	RU
	0.9999
	0.9998
	0.9995
	0.9616
	1

	
	
	Outage
	0.058
	0.063
	0.154
	0.000
	0.401

	4:1
	DL
	RU
	0.9965
	0.9966
	0.9968
	0.9939
	 

	
	
	Outage
	0.000
	0.000
	0.001
	0.000
	 

	
	UL
	RU
	0.9678
	0.9671
	0.9687
	0.9288
	 

	
	
	Outage
	0.003
	0.002
	0.002
	0.011
	 


Table 1 RU and outage for 2MB file size and DL arrival rate=1.875
4 Conclusion
Our simulation evaluations of TDD subframe reconfiguration in isolated cell provide the following observations:
· When traffic load is high, the subframe reconfiguration has almost no gain to UE throughput. 
· When traffic load is not high, 
· Compared to a fixed TDD D/U allocation where more subframes are allocated to DL (or UL), subframe reconfiguration can offer significant UE throughput gain on UL (or DL) with almost no UE throughput loss on DL (or UL). 
· Compared to a fixed TDD D/U allocation where distribution of subframes is approximately even between DL and UL, subframe reconfiguration can offer obvious UE throughput gains on both DL and UL. 
· In case of where the UE throughput gain is observed, the longer the subframe reconfiguration cycle, the smaller the throughput gain.   
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