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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 configuration and 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

Case1-4 1 0.25 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

Case2-6 1 0.5 Yes 200ms

Case2-7 1 0.25 Yes 10ms

Case2-8 1 0.25 Yes 200ms

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 0.5 0.125 Yes 200ms

Case3-5 1 0.5 Yes 10ms

Case3-6 1 0.5 Yes 200ms

Case3-7 1 0.25 Yes 10ms

Case3-8 1 0.25 Yes 200ms
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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 at both UL and DL can be achieved for adaptive reconfiguration, even IM is not implemented. However, in the Phase 3 evaluations where macro cells are involved, only the DL throughput performance gain can be observed, while the UL throughput performance degrades according to the results shown in Table 2 and Table 3. The reason may mainly because of the severe DL-UL cross interference existing between macro cells and pico cells, which has been demonstrated in the geometry performance studies in RAN4 [4][5]. Similar results are shown in Figure 1, where the user’s packet SINR in uplink degrades significantly due to DL-UL cross interference. In contrast to the uplink, improved DL SINR performance is observed for adaptive reconfiguration because of the lower transmit power at UE side as well as the lower UL traffic loading in the tested scenarios.
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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
Table 2: Throughput performance comparison for Case 1 and Case 2 cases, 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

24.7863 14.3785 25.3481 33.7278 6.2494 0.6430 6.8904 9.6110

Gain

45% 69% 44% 47% -14% -64% -11% -5%

Case2-2

18.2691 10.8836 18.4514 24.7118 5.9919 0.7334 6.5789 9.2343

Gain

118% 235% 90% 172% -18% -59% -15% -9%

Case1-2

16.2799 8.6787 16.6049 21.7908 7.9944 1.8514 8.4885 11.5035

Case2-3

24.6964 14.6730 25.4483 31.8282 6.7139 0.6829 7.2709 10.7363

Gain

52% 69% 53% 46% -16% -63% -14% -7%

Case2-4

18.6037 11.0426 19.2777 24.0523 6.6643 0.8635 7.3610 10.2380

Gain

14% 27% 16% 10% -17% -53% -13% -11%

Simulation cases

DL Throughput UL Throughput


Similar results can be observed for the high packet arrive rate cases that are shown in Table 3.
Table 3: Throughput performance comparison for Case 1 and Case 2 cases, with high traffic loading
[image: image5.emf]Cell avg
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Case1-3

13.7158 5.8032 13.4559 22.1823 6.4038 1.5506 6.5989 10.0227

Case2-5

17.6897 8.2527 17.6123 27.2930 4.2506 0.3371 4.3334 8.1984

Gain

29% 42% 31% 23% -34% -78% -34% -18%

Case2-6

15.0999 7.3149 14.8978 23.3639 4.3692 0.3610 4.3134 8.3607

Gain

10% 26% 11% 5% -32% -77% -35% -17%

Case1-4

12.7165 5.8435 12.8270 18.6885 7.3741 1.7553 8.0454 10.4709

Case2-7

20.0100 10.6947 20.2547 28.3653 5.4160 0.5689 5.8272 9.2288

Gain

57% 83% 58% 52% -27% -68% -28% -12%

Case2-8

16.1604 8.9026 16.1168 23.8233 5.4505 0.4896 5.7612 9.7744

Gain

27% 52% 26% 27% -26% -72% -28% -7%

Simulation cases

DL Throughput UL Throughput


Observation 1: Severe cross-interference is observed in UL when macro cells are involved in without IM being applied, which results in dramatically throughput degrading on uplink.

2.2.2 Adaptive reconfiguration with IM:

In this simulation, IM method that is described in the Appendix is applied for the sake of mitigating the severe 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 where IM is applied (Case3-1), the UL SINR performance improves significantly in comparison to Case 2-1 that IM is absent.
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Figure 2: UL SINR performance for fixed and adaptive reconfiguration with and without IM
For the throughput performance, according to Table 4 for low traffic loading cases, UL throughput performance improves dramatically when IM is applied thank to the mitigation of dominant cross-interference However, the DL throughput performance slightly degrades comparing to the Case 2 where IM is not applied. This is because the IM method improves the UL performance at the cost of taking more resources from DL.  However, comparing to the results of Case 1 with fixed TDD configuration shown in Table 2, performance gain can still be achieved in DL for the adaptive reconfiguration with IM. 
Table 4: Throughput performance comparison for Case 2 and Case 3 cases, with low traffic loading
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UE 95%
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Case2-1

24.7863 14.3785 25.3481 33.7278 6.2494 0.6430 6.8904 9.6110

Case 3-1

18.6799 9.7231 19.2434 25.9094 6.9767 1.3227 7.6059 10.4822

Gain

-24.64% -32.38% -24.08% -23.18% 11.64% 105.70% 10.38% 9.07%

Case 2-2

18.2691 10.8836 18.4514 24.7118 5.9919 0.7334 6.5789 9.2343

Case 3-2

16.1491 8.3975 16.3801 22.3218 7.0656 1.6513 7.5770 10.7526

Gain

-11.60% -22.84% -11.23% -9.67% 17.92% 125.15% 15.17% 16.44%

Case2-3

24.6964 14.6730 25.4483 31.8282 6.7139 0.6829 7.2709 10.7363

Case 3-3

20.3389 12.8347 20.7721 26.9897 7.3189 1.3919 7.9561 10.2883

Gain

-17.64% -12.53% -18.38% -15.20% 9.01% 103.82% 9.42% -4.17%

Case2-4

18.6037 11.0426 19.2777 24.0523 6.6643 0.8635 7.3610 10.2380

Case 3-4

16.3455 9.9867 16.4904 22.2718 7.6792 1.7619 8.1430 11.3271

Gain

-12.14% -9.56% -14.46% -7.40% 15.23% 104.05% 10.62% 10.64%

Simulation cases

DL Throughput UL Throughput


Similar observations can be seen for the high traffic loading cases that are shown in Table 5.

Table 5: Throughput performance comparison for Case 2 and Case 3, with high traffic loading
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Case2-5

17.6897 8.2527 17.6123 27.2930 4.2506 0.3371 4.3334 8.1984

Case 3-5

14.1634 5.8752 14.4240 22.2258 5.4626 1.2054 5.6719 9.3955

Gain

-19.93% -28.81% -18.10% -18.57% 28.51% 257.62% 30.89% 14.60%

Case2-6

15.0999 7.3149 14.8978 23.3639 4.3692 0.3610 4.3134 8.3607

Case 3-6

11.5480 4.5639 10.7851 20.1334 6.1306 1.1103 6.2960 10.2133

Gain

-23.52% -37.61% -27.61% -13.83% 40.32% 207.57% 45.96% 22.16%

Case2-7

20.0100 10.6947 20.2547 28.3653 5.4160 0.5689 5.8272 9.2288

Case 3-7

13.5599 6.1570 13.2405 20.7728 6.6438 1.2866 7.1339 9.6930

Gain

-32.23% -42.43% -34.63% -26.77% 22.67% 126.15% 22.42% 5.03%

Case2-8

16.1604 8.9026 16.1168 23.8233 5.4505 0.4896 5.7612 9.7744

Case 3-8

12.7921 6.2638 12.5986 19.3455 6.7048 1.4142 7.3889 9.7981

Gain

-20.84% -29.64% -21.83% -18.80% 23.01% 188.88% 28.25% 0.24%

Simulation cases

DL Throughput UL Throughput


Observation 2: In comparison to the reconfiguration without IM, employing IM obtains significant performance improvement at UL direction, thank to the mitigation of the DL-UL cross interference.

Based on these observations, we therefore recommend that:
Proposal 1: It is necessary to consider IM for TDD reconfiguration in the further studies.
Proposal 2: 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 without IM being applied, which results in dramatically throughput degrading on uplink.
Observation 2: In comparison to the reconfiguration without IM, employing IM obtains significant performance improvement at UL direction, thank to the mitigation of the DL-UL cross interference.
Based on these observations, we suggest:

Proposal 1: It is necessary to consider IM for TDD reconfiguration in the further studies.
Proposal 2: 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 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-interference sources to avoid the cross-interference.

A neighbor cell is considered as strong DL-UL cross-interference source if:

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

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

1. That has the DL/UL ratio (including S sf) 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 saving.

	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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