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1 Introduction

In RAN1 #72bis meeting, the following working assumptions were agreed.
Working assumption:

· 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. 
In this contribution, we discuss the power control related issues for TDD eIMTA. The evaluation and discussion for candidate power control mechanisms and parameters are provided.
2 Discussion on UL PC for TDD eIMTA
The power control parameters and/or mechanisms could be different between a flexible subframe and a fixed subframe because the interference type/source for uplink transmission may be different between flexible subframes and fixed uplink subframes. When the flexible subframe suffers cross link interference, the UE can increase its uplink transmit power to compensate additional interference, the closed loop transmit power adjustment should be larger than current UL PC scheme. To achieve the larger transmit power adjustment, enhanced TPC command can be considered to use to all the flexible subframes or those fixed subframes following the flexible subframes. In another way, we can also consider using two different closed loop power control processes for different types of subframes separately.

Two possible schemes for the power control parameters and/or mechanism on flexible subframes and fixed subframes for TDD eIMTA are discussed:  

· Scheme 1: One closed loop power control process with enhanced TPC command
In scheme 1, only one closed loop power control process is used as shown in Figure 1. The TPC accumulation of current uplink subframe is based on the latest uplink subframe as in Rel-8/9/10/11 regardless of whether it is a flexible subframe or a fixed subframe. For the TPC accumulation between consecutive fixed subframes, the legacy TPC command can be reused. However, if the latest uplink subframe was a fixed subframe while the current uplink subframe is a flexible subframe, or if the latest uplink subframe was a flexible subframe while the current uplink subframe is a fixed subframe, or both of the latest uplink subframe and the current uplink subframe are flexible subframes, an enhanced TPC command could be used to achieve the power adjustment with a larger step. The enhanced TPC field could be 2 bits but with modified values or 3 bits TPC command. 2-bit TPC command with modified values has less impact on PDCCH design.
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Figure 1, one closed loop power control process
· Scheme 2: Two different closed loop power control processes 
In scheme 2, two different closed loop power control processes for different types of subframes are used as shown in Figure 2. The TPC accumulation of a fixed subframe is based on the latest fixed uplink subframe, and the TPC accumulation of a flexible subframe is based on the latest flexible uplink subframe separately. Here, the flexible subframes may suffer cross link interference. For the process used for fixed subframes, the current 2-bit TPC command can be reused but enhanced TPC command should be considered since the latency of the reference for TPC accumulation is enlarged. For the process used for flexible subframes, enhanced TPC command should be considered to compensate the larger interference fluctuation. 
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Figure 2, two different closed loop power control processes
Observation 1: 
The possible enhanced power control schemes includes follows

· One closed loop power control process with enhanced TPC command
· Two different closed loop power control processes 
The system level simulation is used to evaluate the performance of the possible power control mechanisms, the evaluation results are shown in Figure 3. The baseline is scheme of UL/DL reconfiguration without IM, and Rel-8 UL CLPC is used.
For UL CLPC scheme 1-1 (2 bits TPC) and 1-2 (3 bits TPC), one closed loop power control process with enhanced TPC values shown in table 1 are evaluated. For UL CLPC scheme 2, two separated closed loop power control processes with accumulated TPC are adopted.
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Figure 3, simulation result
In this simulation, UL-DL reconfiguration with enhanced UL CLPC is evaluated. The detailed parameter configuration of scheme 1-1, 1-2 and scheme 2 are described in table 1 in appendix, and the detailed results are shown in table 2 and table 3. The simulation assumption is shown in table 4 of the appendix.
The TPC accumulation of a fixed subframe is based on the latest uplink fixed subframe and the TPC accumulation of a flexible subframe is based on the latest uplink flexible subframe separately. 
From the result we can find that both scheme 1-2 and scheme 2 can get gain of UL packet throughput about 4%-8% for cell average and 8%-37% for 5% cell edge UE from the baseline with only one closed loop and normal TPC values. Compared with baseline, it can be observed that scheme 1-1 could achieve performance gain in heavy traffic load scenario, but it has some marginal performance loss with light traffic load.
According to the evaluation result, we can see that scheme 2 can get the highest gain among all the schemes, but due to the two processes, the complexity of UE and the standard effort should also be considered.

According to above discussion, we propose that:

Proposal 1:  the enhancement of UL power control should be considered in eIMTA.

Proposal 2: consider both one closed loop power control process with enhanced TPC command or two different closed loop power control processes for different type of subframes as candidates of the enhanced power control mechanisms for TDD eIMTA. 

3 Conclusion

In this contribution, we discuss the power control related issues for TDD eIMTA. Some possible mechanisms and power control parameters are provided based on the type of a subframe and/or type of interference for a subframe.

According to above discussion, we propose that:

Proposal 1:  the enhancement of UL power control should be considered in eIMTA.

Proposal 2: consider both one closed loop power control process with enhanced TPC command or two different closed loop power control processes for different type of subframes as candidates of the enhanced power control mechanisms for TDD eIMTA. 
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Appendix A. Simulation assumption and results
Table 1. TPC values for UL CLPC

	
	Scheme 1-1
	Scheme 1-2
	Scheme 2

	TPC values
	Accumulated values for fixed subframes and flexible subframes:
{ -3, 0, 3, 5}
	Accumulated values for fixed subframes and flexible subframes:
{-5, -3, -1, 0, 1, 3, 5}
	Accumulated values for fixed subframes:

{-4, -1, 1,4}

Accumulated values for flexible subframes:

{-4, -1, 1,4}


Table 2. UL Packet throughput (λDL=1, λUL=0.5)
	
	Fixed

Configuration1

(R8 absolute TPC)
	With Reconfiguration

	
	
	No IM (R8 absolute TPC)
	Scheme 1-1
	Scheme 1-2
	Scheme 2

	Avg. (Mbps)
	13.3109
	17.6316
	16.9298
	17.7903
	18.3044

	5% (Mbps)
	8.2474
	10.1781
	10.0756
	10.2564
	11.7647


Table 3. UL Packet throughput (λDL=2, λUL=1)
	
	Fixed

Configuration1

(R8 absolute TPC)
	With Reconfiguration

	
	
	No IM (R8 absolute TPC)
	Scheme 1-1
	Scheme 1-2
	Scheme 2

	Avg. (Mbps)
	12.0615
	16.0521
	17.1794
	17.1971
	17.2518

	5% (Mbps)
	6.3191
	6.6225
	8.2816
	8.6580
	9.0498


Table 4. Simulation assumption

	Parameter
	Assumption

	Evaluation scenario
	Scenario 3: Multiple outdoor pico cells deployed on the same carrier frequency

	Simulation case
	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. 

	PDCCH symbol number
	2

	Traffic model
	· FTP model 1, 0.5 MByte file size;

· Data arrival ratio of DL to UL is 2:1, λDL= {1, 2};

· All the Picos have the same arriving rate.

	Antenna configuration
	DL: 2x2 codebook-based SU-MIMO

UL: 1x2 SIMO

	Small scale fading Channel 
	TU for Pico-UE, UE-Pico and UE-UE.

	Penetration loss
	20dB for eNB-UE/UE-eNB/UE-UE

0dB for eNB-eNB

	DL CSI feedback type
	PUCCH mode 1-1, 10ms wideband CQI/PMI period, 40ms RI period

	UL Sounding
	Last UL symbol in subframe#1, 10ms period

	Channel estimation
	Ideal

	Scheduler
	Latency based PF scheduler 

	HARQ modeling
	· Asynchronous HARQ for UL and DL;

· Retransmission scheme: CC;

· Max retransmission times: 2;

· RLC ARQ is modeled.

	DL power control
	Not modeled

	UL power control
	close-loop PC for all cases;

some parameters: alpha = 0.9; Po=-82dbm for subframes without strong cross-link interference, Po=-77dbm for subframes suffering strong cross-link interference.

	DL_UL reconfiguration algorithm
	· Reconfiguration based on the UL and DL traffic load (History reference is considered);

· Seven TDD configurations defined in Rel-8 are used.

	Time scale for reconfiguration
	10ms








