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1. Introduction

In RAN1#72bis, following working assumptions are agreed
· 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 

The power control parameters can be classified into close loop power control (CLPC) parameters and open loop power control (OLPC) parameters. It is shown in [1] performance of uplink packet throughput can be dramatically increased if enlarged close loop power control step (eCLPC) set is used in flexible subframes under low load condition in macro-pico adjacent channel scenario. The simulation in [1] is performed with FTP1 model defined in study item of TDD eIMTA. However, it is agreed through email discussion that traffic model should be aligned with that used in small cell enhancement study item, especially for heterogeneous deployment scenario. Therefore we update simulation results in this contribution according to the new traffic model, which also shows it is beneficial to apply different CLPC parameters and/or mechanism between flexible subframe and fixed subframe (CLPC Enhancement). Additionally, the scheme using different OLPC parameters between flexible subframe and fixed subframe (OLPC Enhancement) is also analyzed.
2. CLPC Enhancement
It is shown in [2] that traffic adaptation gain mainly appears under low-to-medium traffic load condition, so downlink packet arriving rate is assumed to be 0.5 for each cell. Other simulation assumptions and power control algorithm are given in Appendix A and B respectively. 
For the new traffic modelling method as agreed in email discussion, many pico UEs will perform handover to macro cell, which result in much lower traffic load in pico cell than before. Under this situation, the interference from pico downlink to macro/pico uplink is supposed to become weaker and on the other hand, interference from macro downlink to pico uplink becomes stronger. Simulation is performed to verify above assumption. Given simulation assumptions in Appendix A, the composition of interference observed at pico-eNB and macro-eNB in different subframes are analyzed in Table 1 and uplink SINR distribution is shown in Figure 1.
Table 1
	
	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 pico cells;  DL signal in other pico and macro cell

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


As shown in Figure 1, when no interference mitigation (IM) schemes are used, uplink SINR in subframe 3/7/8 for both pico UE and macro UE is very similar with that in subframe 2, which means downlink interference from pico is very weak. However, uplink SINR in subframe 4/9 for pico UE is much smaller than that in subframe 2, indicating strong downlink interference from macro eNB. According to above analysis, interference mitigation for macro UE is unnecessary and is not performed in the following evaluation.
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(a)                                                                                        (b)
Figure 1 Macro & Pico UE Uplink Geometry
In the following description, the abbreviation “RC” means both macro and pico use fixed reference D/U configuration. “DR” means reconfiguration among seven Rel-8 D/U configurations without any IM schemes. CLPC and eCLPC mean close loop power control is used as IM scheme as described in Appendix B.
Simulation results for performance comparison between CLPC/eCLPC and no close-loop power control are shown in Figure 5 for uplink and Figure 6 for downlink.
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Figure 2 Uplink Performance
For macro uplink, it is observed that

· Performance of DR and RC are very close to each other, which is aligned with what Figure 1(a) shows. 
· IM schemes, i.e. CLPC and eCLPC, used in pico cell don’t impact uplink performance in macro cell, which means interference from pico uplink to macro uplink is negligible due to the low traffic load condition.
For pico uplink, it is observed that 

· Performance of DR is much worse than that of RC due to strong downlink interference in subframe 4/9 as shown in Figure 1(b). The loss is 33% and 10% for cell edge and average performances respectively.
· CLPC can increase uplink performance of pico cell, but the cell edge performance is still much worse than RC. The loss for cell edge performance is about 25%
· eCLPC has the best performance. The gain of eCLPC over CLPC is 22% and 35% for cell average and cell edge performances respectively. Moreover, by applying eCLPC, dynamic D/U reconfiguration can show great performance gain of 20% over RC especially for average performance. 
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Figure 3 Downlink Performance

Downlink performances for all cases are very close. eCLPC is slightly worse in some cases due to uplink-to-downlink interference,  which can be further improved by some downlink performance enhancement schemes as proposed in [3].
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Figure 4 Macro & Pico UE Power Consumption
The statistics of UE power consumptions are shown in Figure 4, where average power consumption of a certain UE is defined as total energy consumption of the UE divided by simulation time. It is observed that 

· For macro UE, the power consumptions for DR, CLPC and eCLPC are very close to each other. 
· For pico UE, increment of power consumption of eCLPC relative to CLPC is about than 7.5 dB. It should be noted that the power consumption of pico UE with eCLPC is still smaller than that of macro UE not doing eCLPC.

It is noted that although TPC step used for eCLPC in simulation can be as large as up to 16dB, increment of average power consumption which really impacts UE’s battery life can be much smaller since packet transmission time is reduced due to the higher SINR.
Observation 1: eCLPC handles interference in uplink subframes more effectively and can bring much better uplink performance than CLPC.
Observation 2: The increased power consumption of eCLPC is believed to be acceptable considering its performance gain over CLPC and the fact that it is still much less than the power consumption of macro UE not doing eCLPC.

Proposal: Adopt enhance CLPC with enlarged TPC step as one of IM solutions in TDD eIMTA.

3. OLPC Enhancement
OLPC enhancement (eOLPC) is another PC enhancement method, which configures different OLPC parameters (Po or alpha) between fixed subframe and flexible subframe. Specifically, parameters in flexible subframes result in higher transmission power than that in fixed subframes to conquer strong downlink interference. As shown in [1], strong downlink interference usually appears in burst especially in low traffic load situation which is the most-likely condition to activate TDD eIMTA. Therefore, in the cases that no strong downlink interference occurs, eOLPC may result in more unnecessary UE power consumption.

Proposal: Further evaluate performance and power consumption of eOLPC. 
4. Conclusions
In this contribution, we compared performance of eCLPC and CLPC with the latest agreed traffic model. Furthermore, OLPC enhancement is also analyzed. It is observed that 

Observation 1: eCLPC handles interference in uplink subframes more effectively and can bring much better uplink performance than CLPC.
Observation 2: The increased power consumption of eCLPC is believed to be acceptable considering its performance gain over CLPC and the fact that it is still much less than the power consumption of macro UE not doing eCLPC.

It is proposed that 
Proposal 1: Adopt enhance CLPC with enlarged TPC step as one of IM solutions in TDD eIMTA.

Proposal 2: Further evaluate performance and power consumption of eOLPC. 
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Appendix A
Table 3 Simulation assumptions
	Parameters
	Assumptions

	Scenario
	Multi-cell, macro-pico adj-channel

	Traffic model, option-2 (proposed in R1-131730)
	· FTP model 1, 0.5Mbytes file size
· traffic generation per macro area 
· ratio of DL and UL arriving rate = 2/1, λ for DL is 0.5*(m+1), where m =4 is the number of pico cells per macro cell

	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


Appendix B
Following TS36.213, UE transmit power 
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In the enhanced CLPC, all parameters in above formula have the same definitions as in Rel-11; specifically, the power adjustment, fc(i), is determined by absolute TPC step
[image: image12.wmf])

(

)

(

PUSCH

c

PUSCH,

K

i

i

f

c

-

=

d

. What is proposed for enhancement is that, the absolute TPC step 
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 is given by 
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 EMBED Equation.3  [image: image15.wmf]Î

{0,4,8,12,16}

if subframe i is flexible subframe, which requires 3-bit TPC step information to be carried over DCI. The power control for non-flexible subframe is proposed not to change. 
The interfered eNB monitors IoT (interference over thermal) in all subframes configured for UL transmission. Assume the (long-term average) IoT in subframe #2 is denoted as IoT2, and IoT in flexible subframe #k in radio frame N is denoted as IoTk(N). The eNB derives the 
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for subframe #k in radio frame N+1 based on IoT2 and IoTk(N). One of methods to derive 
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 is given by following table, as used in R1-131062. The other derivation methods are also possible per eNB implementation. 

	IoTk(N)- IoT2 (dB)
	<3
	3~8
	8~12
	12~16
	>16
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For the simplicity of simulation, 

· The open-loop power control is suggested for non-flexible subframe. 

· Ideal IoT measurement is assumed. 

· If subframe #k is UL in radio frame N+1 but is DL in radio frame N, the derivation of 
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 is still eNB implementation issue in practice and therefore should be performed in “good-faith” manner in simulation. 
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