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1. Introduction
The following working assumption was made in RAN1#72bis for an ICIC method in dynamic TDD UL-DL reconfigurations [1]:
· At least for UL, the following scheme is supported for dynamic TDD UL-DL reconfigurations:

· Depending on the type of a subframe and/or type of interference seen by a subframe, the power control parameters and/or mechanism could be different between a flexible subframe and a fixed subframe

· Details of subframe-type dependent power control is FFS 

· Companies are encouraged to bring detailed proposals and performance evaluations in the next meeting. 

· Email discussion on evaluation assumptions by April 26  (Eric Eriksson, Ericsson)

This contribution contains the performance evaluation results of the ICIC scheme based on the above working assumption. Related backhaul signaling and air interface the considered ICIC scheme can be found in [2] and [3], respectively.
2. Subframe-dependent DL and UL power control
Based on the agreed working assumption, subframe-dependent DL and UL power control is considered as follows:

· Subframe-dependent eNB power setting in DL: The pico cell layer defines the baseline UL-DL configurations. Each eNB uses the maximum transmission power in the subframes which are configured as DL in the baseline configuration. When an eNB changes its UL-DL configuration and a subframe, which was a UL subframe in the baseline configuration, is changed to a DL subframe, the eNB uses a reduced transmission power to protect the potential UL reception at the other eNBs. To differentiate the subframe types, we use the terminology of “static subframe” and flexible subframe. In this contribution, static DL subframes are the subframes configured as DL in the baseline configuration, and flexible subframes are those that are configured as UL in the baseline configuration but indicated as DL as a result of dynamic reconfiguration. The DL transmission power in the flexible subframes is determined based on the target IoT of each eNB and the coupling loss between the two eNBs. To be specific, when an eNB sets its target IoT to X (in linear scale), assuming that there are N potential interfering eNBs around it, each interfering eNB determines its transmission power such that its signal arrives at the concerned eNB with the power of X/N. Figure 1 illustrates this eNB power setting scheme.
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Figure 1. Illustration of the eNB power setting scheme assuming that the baseline configuration is UL-DL configuration 1.
· Subframe-dependent open loop power control in UL: Similarly to the subframe-dependent eNB power setting, the open loop power control parameter is dependent of the subframe type. In this paper, it was assumed that PUSCH transmissions in the flexible subframes use Y dB additional power offset compared to that in the static UL subframes. Here the static UL subframe is the subframe configured as UL in the baseline UL-DL configuration.

For the performance evaluation that will be discussed in the subsequent sections, we consider the following four operation options. Details of the simulation parameters are in Appendix.
- Option 1: Fixed UL-DL configuration

- Option 2: Dynamic reconfiguration without any ICIC

- Option 3: Dynamic reconfiguration with subframe-dependent DL and UL power control
3. Evaluation results
3.1. Scenario 3
In this scenario, Option 1, the fixed UL-DL configuration, uses UL-DL configuration 1. The baseline configuration for the eNB power setting scheme is set to UL-DL configuration 0 in order to allow each eNB to select any of the 7 UL-DL configurations.

Table 1 summarizes the evaluation results for the UL-DL traffic arrival ratio (1:2). The table also shows the relative performance gain compared to that of the fixed UL-DL configuration (i.e., Option 1).

Table 1: Average DL and UL throughput for the UL-DL traffic arrival ratio (1:2) in Scenario 3 with the ideal backhaul.

	Arrival rate 
	ICIC option
	Average DL throughput in kbps
	Average UL throughput in kbps

	0.5
	Option 1
	19449.5
	13396.2

	
	Option 2
	25989.7 (33.6%)
	17374.6 (29.7%)

	
	Option 3
	26038.8 (33.9%)
	18209.7 (35.9%)

	1
	Option 1
	17127.6
	12137.2

	
	Option 2
	20054.2 (17.1%)
	14268.3 (17.6%)

	
	Option 3
	20139.5 (17.6%)
	15235.3 (25.5%)

	1.5
	Option 1
	16436.7
	10551.4

	
	Option 2
	17961.6 (9.3%)
	11817.0 (12.0%)

	
	Option 3
	18300.3 (11.3%)
	12741.9 (20.8%)

	2.5
	Option 1
	13502.5
	8424.23

	
	Option 2
	12673.3 (-6.1%)
	7837.79 (-7.0%)

	
	Option 3
	12968.1 (-4.0%)
	8859.90 (5.2%)


From the table, we can observe that the subframe-dependent power control scheme (i.e., Option 3) shows the best performance both in DL and UL throughput. There is a general tendency that the performance benefit of dynamic UL-DL reconfiguration decreases as the arrival rate increases, and even some performance loss can be observed in a relatively high arrival rate.
3.2. Scenario 4
In this scenario, the macro cell uses UL-DL configuration 1 and does not change the configuration. The same configuration is used for pico cells in Option 1. For any dynamic reconfiguration operation, it is prohibited for a pico eNB to configure a subframe, which is configured as DL subframe or special subframe in the macro cell, as a UL subframe in order to avoid strong macro-to-pico interference. This implies that the baseline configuration for the eNB power setting is set to UL-DL configuration 1. 

Table 2: Average DL and UL throughput for the UL-DL traffic arrival ratio (1:2) in Scenario 4 with the ideal backhaul.

	Arrival rate 
	ICIC option
	Average macro DL throughput in kbps
	Average macro UL throughput in kbps 
	Average pico DL throughput in kbps
	Average pico UL throughput in kbps

	0.5
	Option 1
	18699.4 
	10557.8 
	20150.5 
	12402.9 

	
	Option 2
	18698.7 (0.0%)
	7714.1 (-26.9%)
	29081.8 (44.3%)
	11165.7 (-10.0%)

	
	Option 3
	18697.7 (0.0%)
	8551.0 (-19.0%)
	29331.6 (45.6%)
	12237.9 (-1.3%)

	1
	Option 1
	14471.7 
	7079.3 
	18568.3 
	10594.0 

	
	Option 2
	14471.5 (0.0%)
	4491.7 (-36.6%)
	25504.8 (37.4%)
	9297.60 (-12.2%)

	
	Option 3
	14471.2 (0.0%)
	5060.9 (-28.5%)
	26257.4 (41.4%)
	10497.1 (-0.9%)

	1.5
	Option 1
	11267.1 
	6654.3 
	18671.4 
	9048.2 

	
	Option 2
	11267.6 (0.0%)
	4626.6 (-30.5%)
	23756.4 (27.2%)
	7811.6 (-13.7%)

	
	Option 3
	11266.7 (0.0%)
	5362.9 (-19.4%)
	25162.9 (34.8%)
	8913.6 (-1.5%)

	2.5
	Option 1
	6948.8 
	4821.7 
	17521.8 
	7433.0 

	
	Option 2
	6948.8 (0.0%)
	3385.4 (-29.8%)
	20482.9 (16.9%)
	6197.3 (-16.6%)

	
	Option 3
	6948.8 (0.0%)
	3891.3 (-19.3%)
	21260.3 (21.3%)
	6943.1 (-6.6%)


From the above table, it can be observed that the macro cell UL performance is impacted by the interference from the pico eNBs, and this impact is mitigated by the subframe-dependent power control scheme. We can also observe that the evaluated ICIC scheme provides the pico cells with better UL and DL performance than operating dynamic UL-DL reconfigurations with no ICIC scheme. 

Observation 1: The subframe-dependent DL and UL power control provides substantial performance gain in dynamic TDD UL-DL configurations.
In order to assess the impact of increasing UL transmission power on the UE battery consumption, Figure 2 shows the CDF of the energy consumed to complete a UL packet based on the energy consumption model in Appendix. To focus on the additional energy consumption caused by the ICIC operation, Figure 2 contains the result of UL packets in the macro layer where the number of DL and UL subframes is not changed. From this figure, we can observe that the UE energy consumption slightly decreases if the subframe-dependent power control is applied. This is because the UL throughput is improved by the ICIC scheme and the number of used UL subframes decreases as a result. Table 3 gives the average PUSCH transmission power and the average number of used UL subframes.
Observation 2: The subframe-dependent UL power control does not increase the UE battery consumption compared to the case operating no ICIC scheme. 
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Figure 2. CDF of the energy consumed to complete a UL packet in the macro cell layer, UL-DL traffic arrival ratio (1:2) with the arrival rate of 1.0.

Table 3: The average PUSCH transmission power and the average number of used UL subframes in the macro cell layer, UL-DL traffic arrival ratio (1:2) with the arrival rate of 1.0.

	
	Average PUSCH transmission power [dBm]
	Average number of used UL subframes

	Option 2
	0.15
	303.6

	Option 3
	3.09
	280.3


4. Conclusion

This contribution discussed the subframe-dependent DL and UL power control for the ICIC scheme under dynamic TDD UL-DL reconfigurations. The following observations can be drawn from the evaluation results:

Observation 1: The subframe-dependent DL and UL power control provides substantial performance gain in dynamic TDD UL-DL configurations.

Observation 2: The subframe-dependent UL power control does not increase the UE battery consumption compared to the case operating no ICIC scheme.
______________________________________________________________________
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Appendix A. Simulation parameters
Basic simulation assumptions are to be based on [4], and details on additional assumptions are as follows.

Table A-1: Simulation assumptions
	Parameters
	Assumptions

	Deployment scenario
	19*3 Macro, 4 picos per Macro

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	eNB antenna configuration
	1Tx, 2Rx

	UE antenna configuration
	1Tx, 2Rx

	Reconfiguration time scale 
	Every 10ms

	Metric
	DL and UL metrics collected separately, following metrics can be used

· Packet throughput

· defined as the packet size over the packet transmission time, including the packet waiting time in the buffer

·  Average throughput

· defined as the mean of packet throughput from all UEs

	Traffic model
	· FTP model 1 in 36.814

· Fixed packet size of 0.5M

· Poisson distributed with arrival rate λ

· Independent traffic modeling for DL and UL per UE

· Both low and high load cases shall be covered, value of lambda is selected within the value range

	Small scaling fading channel
	Not modeled

	DL/UL CSI feedback
	Ideal

	Control channel and reference signal overhead
	· DL

· Overhead for PDCCH: 2 OFDM symbols

· UL

· Overhead for UL DM-RS: 2symbols per subframe

	Channel estimation
	Ideal

	Scheduler
	· First-in-first-out packet scheduler

· Full bandwidth assignment, i.e. without frequency selective scheduling

· MCS selection by the large scale channel quality.

	HARQ modeling
	· Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms

· Chase-combining scheme

	UL power control
	· Open-loop power control with P0 = -76dBm and α = 0.8

	Cell range expansion (CRE)
	· Pico

·  9dB bias for CRE 

	Power offset to the flexible UL subframes
	· 3 dB


Appendix B. UE energy consumption model

Since the independent traffic modeling (i.e., FTP model 1) is used for DL and UL per UE, the separate power consumption model for DL and UL can be considered. To evaluate UE power consumption accurately, HARQ operation should be considered, because UE power consumption is closely related to PDCCH blind decoding, PDSCH decoding, and PUCCH/PUSCH transmission. Recently, in [5] the authors presented LTE UE power consumption model for LTE system level optimization. The proposed model is based on a review of the major power consuming parts in an LTE UE radio modem. The model includes functions of UL and DL power and data rate. Measurements on a commercial LTE USB dongle were used to assign realistic power consumption values to each model parameter. To reduce workload, we recommend reusing the power consumption model in [5]. The UE power consumption model is defined as follows:
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where Ptot denotes the total consumption, Pcon is the base power consumption in RRC connected mode, PRxRF and PTxRF denote the power consumption of the RF part in the Rx and Tx chains respectively, PRxBB and PTxBB denote the power consumption of the baseband (BB) parts, STx and SRx denote the transmitted and received power level in dBm respectively, RTx and RRx denote the date rate for transmission and reception in Mbps respectively, and PRx and PTx are included to model the base power consumption in the Rx and Tx chains when UE is active. The Rx and Tx power levels are designated by S and R. Table B- 1 shows the power consumption models based on the measurement of commercial LTE USB dongle.  

Table B-1: The power consumption models based on the measurement of commercial LTE USB dongle 

	Power consumption model for DL/UL packet [W]

	PDCCH blind decoding only
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	PDCCH blind decoding with PDSCH decoding
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	PUCCH/PUSCH transmission
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Note 1. 1.95 is derived by the summarion of Pcon and PRx that refer to Table II in [5]. 

Note 2: 2.08 is derived by the summarion of Pcon and PTx that refer to Table II in [5]. 

Note 3: Tx and Rx denote the uplink and downlink operation from the perspective of UE.

Note 4: STx and SRx are the transmission and reception power level in dBm, repectively. 

Note 5: RTx and RRx are the uplink and downlink data rate in Mbits/s, repectively.

Note 6: For PDCCH blind decoding only, RRx is set to be zero.

Note 7: For PUCCH transmission only, RTx is set to be zero
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