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1 Introduction

The study item “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was approved at the RAN #51 meeting [1]. At the RAN1#68b meeting and the email discussions since then, the evaluation for multiple outdoor Pico-cell scenario and eIMTA simulation calibration had been completed.
In the E-mail discussion after RAN1#68b meeting, the simulation assumptions for multiple outdoor pico and macro cells deployed on the same carrier frequency ([68bis-11]) were agreed in [2].
In this contribution, we provide system-level simulation results for LTE_TDD_eIMTA in co-channel multiple outdoor pico and macro scenarios, with the agreed simulation assumptions of [2] were used, and further assumptions are listed in the Appendix. Finally, we discuss the benefits of traffic adaptation and interference management (IM).
2 Discussion
2.1 Simulation assumptions and simulation cases
According to the agreed simulation assumptions [2] and other specific assumptions are provided in the Appendix, we select simulation cases for fixed TDD, adaptive reconfiguration with and without IM, which are outlined in the Table below. 
Table 1: Definition of the simulation cases
[image: image1.emf]Case1-1 0.5 0.25 NO -

Case1-2 0.5 0.125 NO -

Case1-3 1 0.5 NO -

Case2-1 0.5 0.25 Yes 10ms

Case2-2 0.5 0.25 Yes 200ms

Case2-3 0.5 0.125 Yes 10ms

Case2-4 0.5 0.125 Yes 200ms

Case2-5 1 0.5 Yes 10ms

Case3-1 0.5 0.25 Yes 10ms

Case3-2 0.5 0.25 Yes 200ms

Case3-3 0.5 0.125 Yes 10ms

Case3-4 1 0.5 Yes 10ms
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The TDD adaptive reconfiguration algorithm and IM algorithm for the simulations were defined in the Appendix.
2.2 Simulation results
2.2.1 Adaptive reconfiguration without IM:

According to the Phase 2 results [3], in which macro cells are absent, dramatically gains for adaptive reconfiguration can be achieved. However, for the case that macro cells are involved in the Phase 3 evaluations, the throughput performance degrades significantly according the results shown in Table 2 and Table 3, due to the DL-UL cross interference between macro cell and Pico cell, which has been demonstrated in the geometry performance studies in RAN4 [4][5]. Similar results are shown in Figure 1 which illustrates the user packet SINR in uplink degrading significantly due to DL-UL cross interference. On the other hand, due to the link quality degrading in the uplink, more and more UL packets might be blocked in the radio buffer, which might trigger the reconfiguration algorithm to allocate more UL opportunities and finally degrades the performance of DL as well.  Finally, throughput performance for both DL and UL degrades.
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(a) UL SINR performance
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(b) DL SINR performance


Figure 1: SINR performance for fixed and adaptive reconfiguration without IM
By observing results from Case 2-3, DL performance could be improved when the traffic loading on UL is lower down, which implies less UL opportunities are required.
Table 2: Throughput performance for Case 1 and Case 2, with low traffic loading
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Case1-1

17.0919 8.5327 17.5466 22.9931 7.3015 1.7899 7.7631 10.1636

Case2-1

13.9983 7.1067 13.7920 21.1948 0.5156 0.0499 0.2871 1.6890

Gain

-18% -17% -21% -8% -93% -97% -96% -83%

Case2-2

13.4244 7.3054 13.7031 19.7912 0.5200 0.0728 0.2606 1.7775

Gain

-21% -14% -22% -14% -93% -96% -97% -83%

Case1-2

16.2799 8.6787 16.6049 21.7908 7.9944 1.8514 8.4885 11.5035

Case2-3

17.1413 8.0860 17.1280 25.8261 0.6665 0.1145 0.4643 1.4668

Gain

5% -7% 3% 19% -92% -94% -95% -87%

Case2-4

15.2477 8.5179 15.4718 21.0694 0.7431 0.1257 0.5164 2.3004

Gain

-6% -2% -7% -3% -91% -93% -94% -80%

Simulation cases

DL Throughput UL Throughput


Similar results can be observed for the high packet arrive rate case that are shown in Table 3.
Table 3: Throughput performance for Case 1 and Case 2, with high traffic loading
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Case1-3

13.7158 5.8032 13.4559 22.1823 6.4038 1.5506 6.5989 10.0227

Case2-5

6.9895 2.3829 6.4137 15.0789 0.2997 0.0216 0.0632 1.9081

Gain

-49% -59% -52% -32% -95% -99% -99% -81%
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Observation 1: Severe cross-interference is observed in UL when macro cells are involved in, while IM is not applied. And thus UE throughput degrades dramatically.

2.2.2 Adaptive reconfiguration with IM:

In this simulation, an IM algorithm that is descript in the Appendix is applied before the TDD reconfiguration, to avoid the strong DL-UL cross interference. The simulation results with IM are provided as following, in comparison to the cases that IM is not applied.
As shown in Figure 2, for the cases that IM is applied, the UL SINR performance improves significantly in comparison to Case 2-1 that IM is absent. Furthermore, the choosing of threshold x (which is defined in the Appendix) impacts the performance dramatically, which can also be demonstrated by throughput performance listed in Table 4 and Table 5.
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Figure 2: UL SINR performance for fixed and adaptive reconfiguration with and without IM
For the throughput performance, according the results shown in the Table 4 for the low traffic loading case, throughput performance improves dramatically when IM is applied. Especially at UL direction, since the cross-interference can be avoided. Similar observations can be drawn for the high traffic loading case results that are shown in Table 5.

Table 4: Throughput performance for Case 2 and Case 3, with low traffic loading
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Case2-1

13.9983 7.1067 13.7920 21.1948 0.5156 0.0499 0.2871 1.6890

Case3-1

x = -60dBm

15.5724 8.1754 15.0139 23.4481 0.8092 0.1340 0.6339 2.2291

Gain

11.25% 15.04% 8.86% 10.63% 56.95% 168.30% 120.79% 31.97%

Case 3-1

x = -80dBm

18.3847 9.3334 18.4082 26.8888 3.6015 0.7063 3.4251 7.0936

Gain

31.34% 31.33% 33.47% 26.87% 598.53% 1314.50% 1092.88% 319.98%

Case 3-1

x = -100dBm

17.4267 9.7932 17.8584 22.9753 6.0396 1.4457 6.2555 9.3639

Gain

24.49% 37.80% 29.48% 8.40% 1071.42% 2795.45% 2078.64% 454.39%

Case 2-2

13.4244 7.3054 13.7031 19.7912 0.5200 0.0728 0.2606 1.7775

Case3-2

x = -60dBm

14.5932 8.1506 14.7339 20.3585 0.8084 0.1936 0.6033 2.0668

Gain

8.71% 11.57% 7.52% 2.87% 55.47% 166.09% 131.47% 16.27%

Case3-2

x = -80dBm

15.9014 8.7183 16.2245 21.9173 3.2742 0.9360 3.0025 6.5284

Gain

18.45% 19.34% 18.40% 10.74% 529.70% 1186.65% 1052.07% 267.27%

Case 3-2

x = -100 dBm

15.3387 7.8939 15.4172 21.0448 4.9633 1.6763 4.8312 8.2351

Gain

14.26% 8.06% 12.51% 6.33% 854.54% 2204.12% 1753.75% 363.29%

Case2-3

17.1413 8.0860 17.1280 25.8261 0.6665 0.1145 0.4643 1.4668

Case 3-3

x = -60dBm

18.6367 11.5097 18.5904 26.7934 1.0725 0.2025 0.9253 2.7535

Gain

8.72% 42.34% 8.54% 3.75% 60.92% 76.88% 99.30% 87.72%

Case 3-3

x = -80dBm

19.7029 12.2446 20.2519 26.7056 3.8011 1.1070 3.5166 6.5972

Gain

14.94% 51.43% 18.24% 3.41% 470.29% 866.93% 657.41% 349.76%

Case 3-3

x = -100dBm

16.3953 9.0948 17.0507 21.6053 6.4336 1.6592 6.6930 9.6436

Gain

-4.35% 12.48% -0.45% -16.34% 865.26% 1349.24% 1341.56% 557.44%

Simulation cases

DL Throughput UL Throughput


Table 5: Throughput performance for Case 2 and Case 3, with high traffic loading
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6.9895 2.3829 6.4137 15.0789 0.2997 0.0216 0.0632 1.9081

Case 3-4

x = -80dBm

14.4099 6.9186 14.3756 23.1012 3.0738 0.6643 2.7266 7.2760

Gain

106.16% 190.34% 124.14% 53.20% 925.68% 2979.65% 4213.61% 281.32%

Case 3-4

x = -100dBm

13.5665 5.1820 13.4492 22.1124 5.0102 1.2461 5.0281 8.5604

Gain

94.10% 117.46% 109.69% 46.64% 1571.84% 5676.91% 7854.52% 348.63%
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Observation 2: In comparison to the reconfiguration without IM, IM obtains significantly performance improvement since the severe cross interference is avoided, and therefore it is necessary to take IM in the further studies.

As above analysis, we recommend:
Proposal 1: It is proposed to capture the above observations and evaluation results in TR 36.828 as reference for further studies.
3 Conclusions
In this contribution, we presented system-level simulation results of adaptive TDD UL-DL reconfiguration that can adapt the DL/UL resource according to traffic loading. Following observations are obtained:
Observation 1: Severe cross-interference is observed in UL when macro cells are involved in, while IM is not applied. And thus UE throughput degrades dramatically.
Observation 2: In comparison to the reconfiguration without IM, IM obtains significantly performance improvement since the severe cross interference is avoided, and therefore it is necessary to take IM in the further studies.
And finally, we suggest:

Proposal 1: It is proposed to capture the above observations and evaluation results in TR 36.828 as reference for further studies.
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Appendix: Simulation assumptions
Additional simulation assumptions are listed below:
Table 6: Simulation assumptions
	Parameter
	Value

	Simulation Scenario
	Multi-pico cells with macros activated
macro and pico cells either deployed on the same frequency 

	UL Power control
	P0=-76dBm, alpha = 0.8 for both Macro and Pico cells

	Set of TDD UL-DL configurations
	All 7 configurations

	HARQ modeling
	Ideal HARQ timing 

	Scheduler
	PF

	Packet size
	0.5 Mbytes

	Outdoor Pico DL power control
	Not used

	Small scaling fading channel
	Pico-UE/UE-Pico: TU; 
Macro-UE/UE-Macro: TU;
UE-UE:  not modeled;
Pico-Pico: not modeled.
Macro-Macro: not modeled
Macro-Pico/Pico-Macro: not modeled

	Time scale for reconfiguration
	Focus on 10ms and 640ms time scale, with 200ms optional

	IM scheme
	IM-based reconfigurations:

Maintaining the same DL/UL configurations with the strong DL-UL cross-interferers to avoid the cross-interference.

A neighbor cell is strong DL-UL cross-interferer if:

1. It is transmitting packet on DL direction
2. The measured interference power is larger than a threshold x dBm 

	Reconfiguration algorithm
	Radio buffer determines:

Whenever reconfiguration period reached, the eNB will select a DL/UL configuration: 

1. That it has the DL/UL ratio (including S sf) that is nearest to the DL/UL buffer ratio

2. If there are more than one candidate configurations, the eNB will prefer the one that has the same S sf period with the reference configuration

3. In the case of empty DL data buffer, TDD configuration #0, which includes the least number of DL subframes, is selected as the TDD configuration for the sake of power reduction.

	Simulation cases
	Case 1. All pico cells have the same UL-DL configurations
Case 2. Applying adaptive UL-DL configuration in pico cells without any interference mitigation schemes.
Case 3. Applying adaptive UL-DL configuration in pico cells with interference mitigation schemes. 
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