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1 Introduction

It was proposed in RAN #58 meeting that the interference mitigation schemes for dynamic TDD system should be discussed [1]: 
· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signaling,

· Power control;
In this document, we express our view and propose details on the power control based interference mitigation scheme for multi-cell pico scenario. Only data channel is considered here, the interference of RS will be investigated in the future.
2 Dynamic TDD system with interference mitigation
The TDD UL-DL reconfiguration introduces UE-UE interference and BS-BS interference and the BS-BS interference is especially severe due to the propagation condition. In this contribution, we aim to mitigate the BS-BS interference to enhance the UL performance. From Fig. 1 we can see that configuration 1-6, in subframe 3, 4, 6, 7, 8, 9 may introduce BS-BS CCI.
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Figure 1: UL/DL configurations 

To mitigate the BS-BS CCI, we only need to reduce the transmit power of the eNB in subframe 3, 4, 6, 7, 8, 9 when it causes severe interference to its closely located neighbouring eNBs. An interfering neighbouring eNB set can be determined for each eNB based on the coupling loss between the eNBs. Therefore, additional eNB measurement should be defined to measure the interference from eNB to eNB [2]. 

Each interfering eNB receives necessary information, e.g. UL-DL configuration, UL buffer status from its interfered neighbours. It transmits with zero power when causing interference to most of its neighbours in the UL, or transmits with full power when there is limited number of victims in the neighbourhood. 
3 Simulation results
 In this section, we show the simulation results for the proposed scheme. Different UL and DL arrival rates are simulated. The UL-DL reconfiguration period and power control period are both 10 ms. eNB will transmit with either full power or zero power. Detailed parameter description can be found in Table A in the Annex. The UL and DL UE performance are listed in Table 1 – Table 6.
Table 1: UL UE packet throughput (λUL=λDL=1)
	
	5% UE (Mbps)
	50% UE (Mbps)
	95% UE (Mbps)
	Average (Mbps)
	SUL

	w/o PC
	0.231
	8.124
	20.080
	8.719
	262.3

	w/ PC
	0.263
	8.530
	20.339
	9.100
	239.5

	Gain
	13.85%
	5.00%
	1.29%
	4.37%
	


Table 2: DL UE packet throughput (λUL=λDL=1)

	
	5% UE (Mbps)
	50% UE (Mbps)
	95% UE  (Mbps)
	Average (Mbps)
	SDL

	w/o PC
	0.343
	5.276
	14.405
	6.288
	226.2

	w/ PC
	0.537
	6.175
	14.411
	6.824
	209.3

	Gain
	56.56%
	17.04%
	0.04%
	8.52%
	


Table 3: UL UE packet throughput (λUL=λDL=2)

	
	5% UE (Mbps)
	50% UE (Mbps)
	95% UE (Mbps)
	Average (Mbps)
	SUL

	w/o PC
	0.197
	0.488
	2.560
	0.839
	535.2

	w/ PC
	0.243
	0.528
	3.922
	1.112
	522.1

	Gain
	23.35%
	8.20%
	53.20%
	32.54%
	


Table 4: DL UE packet throughput (λUL=λDL=2)

	
	5% UE (Mbps)
	50% UE  (Mbps)
	95% UE (Mbps)
	Average (Mbps)
	SDL

	w/o PC
	0.220
	1.383
	9.038
	2.627
	347.7

	w/ PC
	0.230
	1.451
	9.167
	2.697
	350.2

	Gain
	4.55%
	4.92%
	1.43%
	2.66%
	


Table 5: UL UE packet throughput (λUL=1, λDL=2)

	
	5% UE (Mbps)
	50% UE (Mbps)
	95% UE (Mbps)
	Average (Mbps)
	SUL

	w/o PC
	0.151
	0.626
	10.14
	2.919
	337.1

	w/ PC
	0.208
	0.967
	12.216
	3.683
	319.8

	Gain
	37.73%
	54.47%
	15.09%
	26.17%
	


Table 6: DL UE packet throughput (λUL=1, λDL=2)

	
	5% UE (Mbps)
	50% UE (Mbps)
	95% UE (Mbps)
	Average (Mbps)
	SDL

	w/o PC
	0.208
	2.483
	14.991
	4.903
	420.7

	w/ PC
	0.332
	3.134
	14.609
	5.153
	396.6

	Gain
	59.62%
	26.22%
	-2.55%
	5.1%
	



From Table 1, 3, 5 we can observe that the UL 5% packet throughput, 50% packet throughput, 95% packet throughput, and average packet throughput are all improved, especially when DL traffic arrival rate is high, e.g.  λDL=2. The energy consumption SUL, which is defined as the average number of UL subframes used for UL transmission per one second, is decreased. For DL UE packet throughput, performance gain is also obtained since the DL inter-cell interference is reduced as a by-product of the power control scheme. However, if the UL traffic is heavy, as shown in Table 4, the eNB needs to reduce power more frequently to mitigate its interference to neighbours, which will cause more loss of its own DL performance. In Table 2, 6, with λUL=1, we can see obvious improvement for 5%, 50% , average packet throughput, and SDL.
Observation 1: The UL UE performance can be improved by reducing the BS-BS CCI using power control scheme.

Observation 2: The DL UE performance can be improved as well as a by-product of the power control scheme, especially for low UL traffic cases.
Observation 3:  Power control scheme is a possible way to improve the UE performance for the system with TDD UL-DL reconfiguration.
4 Conclusion

We discussed the power control based interference mitigation scheme for dynamic TDD system   in this contribution. The UL BS-BS interference and part of the DL inter-cell interference are mitigated by reducing the transmit power of eNB. 
Observation 1: The UL UE performance can be improved by reducing the BS-BS CCI using power control scheme.

Observation 2: The DL UE performance can be improved as well as a by product of the power control scheme, especially for low UL traffic cases.

Observation 3:  Power control scheme is a possible way to improve the UE performance for the system with TDD UL-DL reconfiguration.
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6 Annex

Table A: Simulation assumptions for dynamic TDD IM evaluations
	Parameters
	Assumptions

	Deployment scenario
	19 Macro*3sector, 4 picos per sector (Macro is not active)

	Number of UEs per  Pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	Pico antenna configuration
	1Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Traffic model
	FTP traffic, independent traffic generation per cell.  Same arriving rate for all the cells ; λDL=  λUL= 1 ; λDL=  λUL= 2; λDL= 2,  λUL= 1.

	UL/DL reconfiguration period
	10ms

	Power control period
	10ms

	Interfering eNB set size
	N = 7

	Scheduler
	Proportional Fairness

	Transmit power of Pico eNB
	24 dBm

	Outdoor Pico antenna pattern
	2D, Omni-directional

	Link adaptation
	MCS selection with 10% BLER

	UE UL Power control
	open-loop : alpha = 0.8, Po= -76dBm



































































































































