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1 Introduction

In RAN1 #73 meeting, the following agreements were made.
Agreements:
· 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, we discuss further study on whether separate TPC command and/or accumulation should be supported or not. This paper also provides the evaluation for possible closed loop power control schemes. 

2 Discussion on CLPC for TDD eIMTA
The uplink 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 uplink 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 on the flexible subframes should be larger than the adjustment by legacy CLPC scheme. To achieve the larger transmit power adjustment, enhanced CLPC scheme can be used in different subframe sets. In detail, we can consider using separate closed loop power control processes for different types of subframe sets separately.

In the last meeting, it has been agreed that at least two subframe sets can be configured for uplink power control. Between the different subframe sets, the open-loop power control parameters e.g. P0 and alpha can be separate. But for the configuration of closed loop power control parameters for the different subframe sets, it is FFS whether to use one common accumulation or two separate accumulations, the same or different TPC commands. Based on the conclusion, there are some potential schemes to perform closed loop power control for different subframe sets as the following.

· Scheme 1: One common TPC accumulation and the same TPC command

In scheme 1, only one closed loop power control accumulation 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. The same accumulated values in TPC command field, either the legacy accumulated values {-1, 0, 1, 3} or modified values can be shared for the different subframe sets. 

[image: image1]
Figure 1.  One TPC accumulation with the same TPC command
· Scheme 2: Two separate TPC accumulations and the same TPC command

In scheme 2, two separate closed loop power control accumulations for different sets 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. The same common accumulated values in TPC command field, either the legacy accumulated values {-1, 0, 1, 3} or modified values can be shared for the different subframe sets.

[image: image2]
Figure 2. Two different TPC accumulations with the same TPC command
· Scheme 3: Accumulated TPC for fixed subframes and absolute TPC for flexible subframes
Different from scheme 1 and scheme 2, in scheme 3 separate TPC commands are used for different subframe sets. As shown in Figure 3, the accumulated TPC is applied only within the fixed subframe set, and absolute TPC is applied for flexible subframe set. The TPC accumulation of a fixed subframe is based on the latest fixed uplink subframe. For the fixed subframe set, the legacy accumulated values {-1, 0, 1, 3} can be reused but enhanced TPC command should also be considered since the latency of the reference for TPC accumulation is enlarged. For the flexible subframe set, the legacy absolute values {-4, -1, 1, 4} can be reused but enhanced TPC command should not be precluded to compensate the large interference fluctuation.

[image: image3]
Figure 3. Accumulated TPC for fixed subframes and absolute TPC for flexible subframes
The system level simulation is done to evaluate the performance of the possible power control mechanisms, the evaluation results are shown in Figure 4. The baseline is scheme of UL/DL reconfiguration without IM, and Rel-8 UL CLPC is used.
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Figure 4. Simulation results
In this simulation, UL-DL reconfiguration with enhanced UL CLPC is evaluated. The detailed parameter configuration of scheme 1-3 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. 
From the results we can find that there is no obvious gain (about 3% at most) observed for cell average.  But for 5% cell edge UE, there is about 6%-26% gain of UL packet throughput over the baseline in light traffic load scenario, and there is about 15%-31% gain of UL packet throughput over the baseline in heavy traffic load scenario. 
For cell edge UEs, compared with scheme 1, scheme 2 can get about 8%, and 19% gain for light traffic load scenario and  heavy traffic load scenario respectively,  and scheme 3 can get about 13% and 10% gain for light traffic load scenario and  heavy traffic load scenario, respectively .

Since separate open-loop power control parameters e.g. P0 and alpha are configured for different subframe sets, the transmit power calculated for fixed subframes and flexible can be much different, so one TPC process is not enough to cope with the interference variation. From the evaluation, we can find that scheme 2 and scheme 3 can get obvious gain over scheme 1. Therefore, we prefer to adopt two separate TPC processes for different subframe sets.
Based on the analysis, we have the proposal:
Proposal 1:  Separate TPC processes for different subframe sets should be considered for TDD eIMTA
3 Other remaining issues for power control 

3.1 Power control for different channels
For different uplink channels, whether the P0 and alpha should be separate or the same for different subframe sets is FFS in last meeting. 
For the power control of PUSCH, two separate open-loop power control parameters should be mainly applied to compensate the larger interference fluctuation.
For the power control of SRS, most of the parameters are the same with PUSCH except the bandwidth and offset. In eIMTA, the parameters used for SRS can also be the same with the one used for PUSCH. 
For the power control of PUCCH, there is still no conclusion whether PUCCH is located on fixed only or can also be carried on flexible subframes. If flexible subframes can also be used to carry PUCCH, two separate open-loop power control parameters should also be applied to compensate the larger interference fluctuation.
Based on the analysis, we have the observation that:
Observation 1:  

· The separate open-loop power control parameters can be applied to PUSCH. 

· For SRS, most of the parameters can be the same with PUSCH except the BW and offset. 

· For PUCCH, two separate open-loop power control parameters should also be applied if flexible subframes can also be used to carry PUCCH.

3.2 Necessity of more than two subframe sets
In last meeting, whether more than two subframe sets are needed is discussed. Now at least two subframe sets can be configured for open loop power control. As discussed in [3], if the environment for cross-link interference is complicated, the DL-to-UL interference measured in different UL subframes can vary on a per-subframe basis depending on the traffic load in neighboring cells.  So more than two subframe sets with addition power control process can better compensate the different cross link interference fluctuation. 
Based on the analysis, we have the observation that:
Observation 2:  

· More than two subframe sets can be used to compensate the interference fluctuations under complicated interference environment. 

4 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.
Based on the above discussion, we have the following proposal and observations:

Proposal 1:  Separate TPC schemes for different subframe sets should be considered for TDD eIMTA.

Observation 1:  

· The separate open-loop power control parameters can be applied to PUSCH. 

· For SRS, most of the parameters can be the same with PUSCH except the BW and offset. 

· For PUCCH, two separate open-loop power control parameters should also be applied if flexible subframes can also be used to carry PUCCH.

Observation 2:  

· More than two subframe sets can be used to compensate the interference fluctuations under complicated interference environment. 
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Appendix A. Simulation assumption and results
Table 1. TPC values for UL CLPC

	
	Scheme 1
	Scheme 2
	Scheme 3

	TPC process
	One common accumulation
	Separate accumulation
	Accumulation for fixed subframes;
Absolute TPC for flexible subframes

	TPC values
	The same accumulated values for both fixed subframes and flexible subframes:
{ -1, 0, 1, 3}
	The same accumulated values for both fixed subframes and flexible subframes:

{ -1, 0, 1, 3}
	Accumulated values for fixed subframes:

{ -1, 0, 1, 3}
Absolute values for flexible subframes:
{-4, -1, 1,4}


Table 2. UL Packet throughput (λDL=1, λUL=0.5)
	
	No IM (R8 accumulated TPC)
	Scheme 1

2Po
	Scheme 2

2Po
	Scheme 3

2Po

	Avg. (Mbps)
	17.3552
	17.5006
	17.3534
	17.8955

	5% (Mbps)
	9.3897
	9.9751
	10.7539
	11.8694


Table 3. UL Packet throughput (λDL=2, λUL=1)
	
	No IM (R8 accumulated TPC)
	Scheme 1

2Po
	Scheme 2

2Po
	Scheme 3

2Po

	Avg. (Mbps)
	16.0509
	16.3686
	16.2935
	16.7129

	5% (Mbps)
	6.5573
	7.5472
	8.6021
	8.3160


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
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