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1. Introduction

One of important tasks in TDD-eIMTA WI is to agree on interference mitigation (IM) scheme(s) to ensure coexistence of different TDD UL-DL configurations in the system.  Great challenge has been found in macro-pico co-channel scenario during SI stage due to extremely strong eNB-to-eNB interference, therefore it is important to investigate effective IM schemes to improve performance in macro-pico co-channel scenario. Uplink power control is one of interference mitigation schemes [1] [2]. 
In this contribution, we first analyze interference characteristic in macro-pico co-channel scenario and then evaluate performance of uplink close loop power control (CLPC).
2. Interference characteristic in macro-pico scenario
It is shown in [2] that traffic adaptation gain mainly appears under low-to-medium traffic load condition.  The low-load traffic usually emerges in burst, which results in great fluctuation of interference. In this section, simulation is performed to investigate interference-over-thermal (IoT), i.e. (I+N)/N. In our simulation, IoT is measured at one eNB only in the subframe when that eNB receives uplink transmission. The macro cell constantly uses TDD D/U configuration 1, and the pico eNBs dynamically and independently apply one of seven Rel-8 D/U configurations. Other assumptions can be found in Appendix. Given above simulation assumptions, the construction of interference observed at pico-eNB and macro-eNB in different subframes are analyzed in Table 1. The simulated IoT are given in Figure 1 for pico cell and Figure 2 for macro-cell. 
	
	Subframe {2}
	Subframes {3,7,8}
	Subframes {4,9}

	Pico-eNB
	UL signal in other cells
	UL signal in other cells;  DL signal in other pico-cells
	UL signal in other cells;  DL signal in other pico-cells and macro-cell

	Macro-eNB
	UL signal in other cells
	UL signal in other cells;  DL signal in pico-cells
	-


Table 1 Source of interference
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Figure 1 Pico-cell IoT in different subframes
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Figure 2 Macro-cell IoT in different subframes
Figure 1 shows that, for pico cell,
· The IoT in subframe {2} is similar to IoT in subframes {3,7,8} most of time, which means the downlink interference from pico eNB is comparable to conventional uplink interference most of time. However, sudden strong downlink interference is also possible, for example, when many nearby pico-eNBs happen to turn into downlink at the same time.
· The downlink interference from macro eNB to pico-eNB in subframes {4,9} is very strong. 
Figure 2 shows that, for macro cell,
· Interference in subframes {3,7,8} is much stronger than that in subframe {2} due to accumulated DL signals in pico-cells;
· IoT fluctuation in subframes {3,7,8} is higher than that in subframe {2} due to bursty DL signal from pico eNB.
Strong downlink interference severely corrupts quality of uplink signal, and large IoT fluctuation reduces the accuracy of link adaptation. These two factors can result in big uplink performance loss in macro-pico co-channel scenario. As shown in next section, uplink CLPC can be used to alleviate the problem. 
3. Performance evaluation of UL CLPC
In this section, uplink CLPC and its enhancement with enlarged TPC step are evaluated. One simple determination of the TPC step as used in simulation is given in Table 2. Other simulation assumptions are provided in Appendix.
	IoT in subframes 3/4/7/8/9 – IoT in subframe 2 (dB)
	<3
	3~10
	10~20
	20~30
	>30

	Increased Tx power in next frame (dB)
	Current TPC step
	0
	4
	4
	4
	4

	
	Enlarged TPC step
	0
	4
	8
	12
	16


Table 2 Determination of TPC step
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Figure 3 Macro-cell performance with CLPC
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Figure 4 Pico-cell performance with CLPC
It is shown in both Figure 3 and Figure 4 that, even thought uplink CLPC with enlarged TPC step does not improve the DL performance in macro-cell and pico-cell, it can bring significant performance gain to uplink. Its benefit over CLPC with current TPC step is also very obvious. 
Cell-clustering based interference mitigation (CCIM) is another candidate for interference control in TDD-eIMTA, at the cost of more backhaul coordination, reduced flexibility in dynamic TDD D/U reconfiguration and therefore lower traffic adaptation gain. Simulation is also performed to compare CCIM and CLPC with enlarged TPC step, where the path gain threshold used to form cell cluster is -80dB for macro-pico and -110dB for pico-pico respectively. Simulation results are shown in Figure 5 and Figure 6.
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Figure 5 Comparison between CCIM and CLPC in macro-cell
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Figure 6 Comparison between CCIM and CLPC in pico-cell
As shown in Figure 5, in macro-cell, 
· CLPC with enlarged TPC step and CCIM have similar downlink performance. 

· For uplink, CLPC with enlarged TPC step is about 17% better than CCIM on cell edge performance (5% UE packet throughput), but about 20% worse than CCIM for average UE packet throughput. This inefficiency of CLPC can be further optimized, for example by a more sophisticated CLPC algorithm to further control uplink to uplink interference in macro cell.

As shown in Figure 6, in pico cell, 
· CLPC with enlarged TPC step and CCIM have similar uplink performance except at cell-edge, where CLPC with enlarged TP step is 19% better than CCIM. 
· Due to less reconfiguration flexibility, CCIM has much worse downlink performance than CLPC. The gain of CLPC over CCIM is about 32% at 5% throughput and 17% at average throughput.

4. Conclusions
It can be observed from our simulation study that, 

· CLPC is an effective interference mitigation solution. Larger TPC step can bring significant performance improvement. 
· Compared to cell clustering, which can have similar uplink performance as CLPC, CLPC has better downlink performance in pico-cell than CCIM due to fewer restrictions on TDD reconfiguration flexibility. 
We propose to further study CLPC, including the utilization of larger TPC steps. 
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Appendix
Table 3 Simulation assumptions

	Parameters
	Assumptions

	Scenario
	Multi-cell, macro-pico co-channel

	Traffic model
	· FTP model 1, 0.5Mbytes file size
· ratio of DL and UL arriving rate = 2/1, λ for DL is 0.5

· Independent traffic generation per cell

· Same arriving rate for all the cells

	Reference TDD configuration
	TDD UL-DL configuration 1 

	Time scale for reconfiguration
	For macro cell D/U configuration is fixed as D/U configuration 1

For pico cell, time scale is 10ms, Seven D/U configurations defined in Rel-8 are used

	Macro eNB Tx power
	46dBm

	Pico eNB TX power
	24 dBm

	UE power class
	23 dBm

	UE Power Control
	Po = -82dBm, alpha = 0.9

	Macro antenna configuration
	2Tx, 2Rx

	Pico antenna configuration
	2Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Small scaling fading channel
	Not modelled

	PDCCH symbol number
	2

	PUCCH PRB number
	2

	Scheduler
	FIFO

	DL CSI feedback period
	10ms

	UL CSI feedback period
	10ms

	HARQ retransmission scheme
	CC

	Max retransmission times
	4
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