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1 Introduction

In last RAN1 meeting, one agreement on interference mitigation in TDD eIMTA was reached: 
Agreement:
· In UL, at least two subframe sets can be configured, and for each subframe set,

· support separate open-loop power control parameters (P0 and alpha)

· FFS the application of these parameters to different channels, e.g. PUSCH, SRS, PUCCH

· FFS  separate TPC command and accumulation is supported,  companies are encouraged to bring evaluation results regarding this proposal

· FFS if additional (more than two) subframe sets are needed
· In DL, at least two subframe sets can be configured to allow separate CSI measurement/report for either two types of  subframes, and/or two types of interference seen by a subframe 
· FFS if additional (more than two) subframe sets are needed

· FFS if applicability of this in different CSI reporting modes and/or transmission modes
· FFS further details of the required specification support
In this contribution some simulation results will be provided to prove that 2 UL power control processes suffice to meet the requirements of UL interference mitigation in TDD eIMTA.
2 Simulation scenario and simulation results
In eIMTA, each cell will adapt the UL/DL configuration according with the UL/DL traffic load. For the UL transmission in one cell may suffer from additional interference from DL transmission of neighbor cells working in the same carrier frequency or even adjacent carrier frequency. The above phenomenon may arise when a flexible subframe is currently used as UL in a cell and the direction of the same subframe in one or more neighbor cells are DL. As the UL transmission in fixed UL subframes will only impacted by UL transmission in the neighbor cells, the interference level of flexible UL subframes may be different from that of fixed UL subframes. In order to achieve the desirable UL receiving SINR in flexible UL subframe, the UL PC parameter or mechanism should be adapted in line with the characteristic of flexible UL subframes. So it was agreed to introduce at least one more specific UL PC process for flexible uplink subframes.
Theoretically, different flexible uplink subframes may suffer different level of interference hence more than one UL PC process are needed to implement finer UL power adjustment for flexible subframes [2]. In this contribution, the provided simulation results expose that the UL throughput gain after applying different power for different flexible subframes is quite limited.
2.1 Scenario and assumption
According to the agreement reached in RAN1#72, 4 scenarios are supported in eIMTA work item, in which scenario 3 and scenario 4 as defined in [3] should be prioritized first for further evaluation and design. As Pico cells that are deployed outdoor are more vulnerable to neighbor co-channel Pico cells (including those both in the same sector and different sectors), considering the evaluation purpose of extra UL PC for flexible UL subframes, scenario 3 and scenario 4 are more representative comparing with the scenarios with Femto. For simplicity, scenario 3 is adopted for the simulation.
In the simulation, only configuration 0, configuration 1, configuration 2 and configuration 6 are adopted in reconfiguration. The Open Loop Power Control parameter and UL receiving SINR in subframe 2 and subframe 7, which are fixed UL subframes, are used as baseline. Except UL PC based interference mitigation scheme, no other IM scheme is adopted in the simulation, i.e. no scheduling coordination between neighbor cells. Then, for scenario 3, the interference from the DL transmission of the neighbor Pico cells will increase the IoT of flexible UL subframes, i.e. subframe 3, subframe 4, subframe 8 and subframe 9. As shown in figure 1, comparing with subframe 3 and subframe 8, the subframe 4 and subframe 9 are more likely to be interfered by DL transmission from neighbor cells. According to the vulnerability to DL transmission from neighbor cells, the flexible subframes are further divided into two sets, {#3, #8} and {#4, #9}, which are referred to as flexible subframe set 1 and flexible subframe set 2 respectively.
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Figure 1: Subframe sets indication

2.2 Simulation results and discussion
The following simulation results are obtained in scenario 3 with all Pico cells working in dynamic status, where all the Pico cells will reconfigure its TDD configuration independently according to current UL-to-DL buffer ratio. Two power adjustment strategies are employed. In the first strategy, UE power consumption is prioritized and the power adjustment for two PC processes and three PC processes are carried out under the same power consumption. In detail, four power adjustment schemes are simulated. In the first scheme, the same power offset of 10dB comparing with the power of baseline is applied to both flexible subframe set 1 and flexible subframe set 2. In the remaining 3 schemes, different power offsets are applied to the flexible subframes sets, where the power offset for the flexible subframe set 1 is lower than 10dB, and the power offset for the other is higher than 10dB. Each pairs of values are selected so that same power consumption on average is ensured as that of the first scheme. From the above analysis, the subframe 3/8 is more likely to be a UL subframe if compared with subframe 4/9, according to our results, the ratio of the time when subframe 3/8 act as UL to the time when subframe 4/9 act as UL is about 7:3. Such a difference on probability of being a UL subframe is already considered in the determining of the power offsets for each flexible subframe set. The table below gives the detailed power adjustment schemes (refer to the appendix for the other parameters).
Table 1: Power adjustment scheme

	
	Power offset for flexible subframe set 1
	Power offset for flexible subframe set 2

	Scheme 1
	15dB
	15dB

	Scheme 2
	7dB
	19.72dB

	Scheme 3
	10dB
	19.14dB

	Scheme 4
	13dB
	17.70 dB


The simulation results are shown in table 2. Due to the finer power compensation for particular flexible subframe sets, at most 2.15% of UE average UL throughput gain can be observed comparing with scheme 1, in which the same power compensation is applied to all flexible subframe sets. 
Table 2: Power adjustment scheme

	
	UE average UL Throughput
	Gain over Scheme 1

	Scheme 1
	2.39 
	0

	Scheme 2
	2.44 
	2.15%

	Scheme 3
	2.42 
	1.30%

	Scheme 4
	2.40 
	0.41%


In the second strategy, the UL throughput is prioritized, i.e. the UL transmission power for UEs in flexible subframe set 1 and flexible subframe set 2 are increased independently, and until reach the maximum UL throughput. Two related cases are simulated and the detail simulation parameters are given in the table 3 (refer to the appendix for the other parameters).
Table 3: Power adjustment parameters

	
	Power offset for fixed uplink subframes
	Power offset for flexible subframe set 1
	Power offset for flexible subframe set 2

	Case 1
	0dB
	15~25dB, step 1dB
	0dB

	Case 2
	0dB
	0dB
	15~25dB, step 1dB


Figure 1 shows the UE average UL throughput for the two cases. It can be seen that the UE average UL throughput reaches the maximum when the power offset applied is 17dB for both Case 1 and Case 2. That means the UE average throughput in the flexible subframe set 1 and flexible subframe set 2 will reach the maximum at almost the same power offset.
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Figure 1 UE average UL throughput Vs. Power offset
Through the results above we can see that given the same additional power consumption (comparing with that of baseline), gain in UE average UL throughput can be achieved if the power is allocated more reasonably within flexible subframes (the first power adjustment strategy).  However, as we can see from the simulation results, the gain is marginal. And according to the results of the second power adjustment strategy, the UE average UL throughput in the two flexible subframe sets reach the maximum at almost the same power adjustment. Considering the specification efforts, system implementation efforts, and system verification efforts, we propose to further evaluate the motivation to introduce more than two UL power control processes into eIMTA.
3 Conclusions
In this contribution, the simulation results for three UL power control processes in scenario 3 are shown. From the simulation results, we observe that:
Observation: the UL throughput gain produced by more than two power control processes is quite limited.

Hence we propose that:

Proposal:  Limit the maximum number of UL power control processes to 2 for eIMTA.
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Appendix
	Parameters
	Assumptions

	Simulation scenario
	Scenario 3 as defined in [3]

	System bandwidth
	10 MHz

	Traffic model
	· FTP model 2
· DL:UL traffic load 2:1
· DL RU 0.57
· UL RU 0.49

	Time scale for reconfiguration
	10ms

	TDD UL-DL configurations
	· TDD UL-DL configuration 0, 1, 2, and 6

	HARQ modeling and HARQ retransmission
	A-synchronized HARQ for both DL and UL, Chase Combining

	eNB antenna configuration
	1 Tx, 2 Rx

	UE antenna configuration
	1 Tx, 2 Rx

	Link adaptation
	MCS selection with 10% BLER

	Fast fading channel
	SCME for UE-eNB 

Not modeled for eNB-eNB

	Scheduling algorithm
	Proportional fair

	Carrier frequency
	2 GHz

	Special subframe configuration
	Configuration #8

	Downlink/uplink receiver type
	MMSE for both downlink and uplink
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