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1 Introduction

The study item “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was approved in RAN #51 meeting [1]. And in RAN1#68 meeting and the email discussion after that, the evaluation for isolated cell scenario had been completed and the conclusion was captured in [2].
In the E-mail discussion after RAN1#68 meeting, in which the simulation assumption in multi-cell ([68-18]) is concerned, the following simulation scenarios were agreed [3]:
	· Scenario 1: Multiple femto cells deployed on the same carrier frequency 

· Scenario 2: Multiple femto cells deployed on the same carrier frequency and multiple macro cells deployed on an adjacent carrier frequency where all macro cells have the same UL-DL configuration and femto cells can adjust UL-DL configuration 

· Scenario 3: Multiple outdoor pico cells deployed on the same carrier frequency 

· Scenario 4: Multiple outdoor pico cells deployed on the same carrier frequency and multiple macro cells deployed on an adjacent carrier frequency where all macro cells have the same UL-DL configuration and outdoor pico cells can adjust UL-DL configuration
· Scenario 4A: Multiple outdoor pico cells and multiple macro cells deployed on the same carrier frequency


In this contribution, a system level simulation is conducted to evaluate LTE_TDD_eIMTA in multi-cell “Scenarios 3”, and the results and corresponding conclusions are presented according to the agreed simulation assumptions [3]. 
2 Discussion
2.1 Simulation assumptions and simulation case
According to the agreed simulation assumptions [3], a large number of simulation cases with various simulation parameters were defined: three different time scales for reconfiguration, at least two different TDD reference configurations with two different ratios of DL and UL arrival rate respectively, .etc. In this contribution we only selected a subset of the simulation cases to illustrate general tendency and potential gains.
In this contribution we present results of four simulation cases based on 0.5Mbyte packet file size and 10ms TDD reconfiguration period, 
Table 1:  Definition of simulation cases
	Simulation cases
	TDD reference reconfiguration
	the ratio of DL/UL arrival rate

	Case 1
	1
	1/1

	Case 2
	1
	2/1

	Case 3
	2
	2/1

	Case 4
	2
	4/1


The TDD configuration reconfiguration algorithm we used in the simulation was defined as following,

·  Update the TDD Subframe configuration according to the ratio of DL/UL data pending for transmission in the buffer.
· In the case of empty DL data buffer, TDD configuration#0, which includes the least number of DL subframe, is selected as the TDD configuration for the sake of power reduction.
According to [3] the following four metric were presented,
· Cell average packet throughput
· User average packet throughput

· {5%, 50%, 95%} user throughput

· The average configured DL/UL subframe ratio
Where,
· Packet throughput
· defined as the packet size over the packet transmission time, including the packet waiting time in the buffer
· Cell average packet throughput

· defined as the mean of average packet throughput from all UEs

· UE average packet throughput

· defined as the average of packet throughput for the UE

· {5%, 50%, 95%} user throughput

· from the CDF of user throughput from all UEs
· The average configured DL/UL subframe ratio
· defined as the average configured DL/UL subframe ratio for all cells
2.2 Simulation results
System level simulation results are provided in Table 2 for each case defined in Table 1. The gains on different performance metrics between fixed TDD UL/DL configuration and dynamic TDD UL/DL configuration, for uplink and downlink, respectively, are also presented.
Table 2: Simulation results for each case in Table.1 
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Reference Config#1 1.5000 11.3048 1.1305 0.2236 1.1140 2.1155 4.2564 0.4256 0.1431 0.4697 0.5481

Dynamic Reconfig. 0.8400 13.5693 1.3569 0.2710 1.2096 2.8523 2.6004 0.2600 0.0344 0.1667 0.7244

Gain 44% 20% 20% 21% 9% 35% -39% -39% -76% -65% 32%

Reference Config#1 1.5000 11.3333 1.1333 0.2496 1.0363 2.1173 4.3596 0.4360 0.1309 0.4853 0.5576

Dynamic Reconfig. 0.8040 15.6069 1.5607 0.3187 1.3908 3.1106 3.4459 0.3446 0.0576 0.2133 0.7708

Gain 46% 38% 38% 28% 34% 47% -21% -21% -56% -56% 38%

Reference Config#2 4.0000 16.3406 1.6341 0.3560 1.6227 2.8278 1.7064 0.1706 0.0230 0.1862 0.2598

Dynamic Reconfig. 0.8049 15.6069 1.5607 0.3187 1.3908 3.1106 3.4459 0.3446 0.0576 0.2133 0.7708

Gain 80% -4% -4% -10% -14% 10% 102% 102% 150% 15% 197%

Reference Config#2 4.0000 16.0616 1.6062 0.3947 1.4673 2.8183 1.7115 0.1712 0.0101 0.1781 0.2703

Dynamic Reconfig. 0.7655 15.8470 1.5847 0.2889 1.5207 3.0877 3.8416 0.3842 0.0824 0.3299 0.7781

Gain 81% -1% -1% -27% 4% 10% 124% 124% 713% 85% 188%
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According to the results, throughput gain in DL can be observed for Case 1 and 2, where the ratio of DL and UL subframe is relatively low in reference configuration. However, some throughput degrades is also observed for UL average and cell edge. On the other hand, significant throughput gain in UL can be observed for Case 3 and 4, with only slight average and cell-edge throughput loss in DL. Furthermore, 95%-tile UE is benefited for TDD reconfiguration in all cases. 
The UL performance loss of cell-edge UE is mainly due to the severe cross-interference, i.e., BS-BS interference, which limits the attainable performance gain of UL. Moreover, there are more subframes available for UL transmission in Case 1/2, thus fewer dynamic DL/UL reconfiguration gain can be achieved in comparison to Case 3/4. As a result, dynamic DL/UL reconfiguration may achieve higher gain in Case 3/4 that would overcome the performance loss caused by cross-interference in UL.

The impact of cross-interference for both DL and UL are shown in Fig.1 and Fig.2, respectively. We can observe that cross-interference in UL degrades the average SINR of cell-edge user dramatically. While in DL direction (Fig.1), the performance of almost all the users can be improved, since interference from UE will be lower than that from BS. In other word, the cross interference is more severe in UL than DL. 
Finally, the average ratio of configured DL and UL subframe for all cases is reduced, which is beneficial from the perspective of energy saving.
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Fig. 1: The CDF of DL average SINR (dB)
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Fig. 2: The CDF of UL average SINR (dB)


We summarized the observations as below:

Observation 1: Dynamic TDD reconfiguration is beneficial for ell center UE in all cases.
Observation 2: Significant reconfiguration gain can be observed in Case 3/4, in comparison to Case 1/2, which are limited by the severe BS-BS interference.

Observation 4: The cross interference is more severe in UL than DL.
Observation 5:  Dynamic reconfiguration may obtain large energy saving gain for low traffic-loading scenarios.
Therefore, following conclusions can be achieved:

Conclusion 1: Dynamic reconfiguration gain can be observed in Case 3/4, in which dramatically UL gain with slight DL loss can be achieved.
Conclusion 2: Cross-interference in UL should be mitigated in order to improve the UL performance.

Conclusion 3: Dynamic reconfiguration may obtain large energy saving gain for low traffic-loading scenarios
3 Conclusion
This contribution presented system level simulation results of dynamic TDD UL-DL reconfiguration for adapting the DL/UL resource according to traffic variation in simulation “scenario 3” defined in [3]. The following conclusions were obtained,
Conclusion 1: Dynamic reconfiguration gain can be observed in Case 3/4, in which dramatically UL gain with slight DL loss can be achieved.

Conclusion 2: Cross-interference in UL should be mitigated in order to improve the UL performance.

Conclusion 3: Dynamic reconfiguration may obtain large energy saving gain for low traffic-loading scenarios
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