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1. Introduction

In RAN1#73, following agreement was achieved for interference mitigation in TDD eIMTA[1]
· 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 this contribution, we further evaluate the performance of separate open-loop power control (OLPC) in macro-pico adjacent channel scenario. Based on the simulation results and analysis, more than two subframe sets are needed. We also give the evaluation results of separate TPC command and accumulation, which show that separate TPC command and accumulation should be supported.
2. OLPC Enhancement
Given simulation assumptions in Appendix, the composition of interference observed at pico eNB and macro eNB in different subframes are summarized in Table 1, and uplink SINR distribution is shown in Figure 1 for CRE bias of 0dB and in Figure 2 for CRE bias of 9dB.

Table 1 Interference composition
	
	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 macro cells and other pico cells

	Macro-eNB
	UL signal in other cells
	UL signal in other cells; 
DL signal in pico-cells
	-
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Figure 1 Macro & Pico UE Uplink SINR (CRE Bias=0dB)
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Figure 2 Macro & Pico UE Uplink SINR (CRE Bias=9dB)
As shown in Figure 1 and Figure 2, when no interference mitigation (IM) schemes are used, 
· Uplink SINR of macro cell in subframe 3/7/8 is very similar to that in subframe 2, which means the interference from pico downlink is very weak. 
· Uplink SINR of pico cell in subframe 3/7/8 is smaller than that in subframe 2 with 30% probability, and the SINR gap becomes larger when CRE bias increases. 
· Uplink SINR of pico cell in subframe 4/9 is much smaller than that in subframe 2, which indicates strong downlink interference from other eNBs. 
Performances are compared between two different subframe-set constructions and OLPC parameter settings, as given in Table 2. The simulation results are given in Figure 3 for uplink and Figure 4 for downlink, and show that the performances of two different subframe-set constructions are similar except for macro-downlink, on which the ‘three subframe set’ is slightly better than ‘two subframe set’ for 95%-ile UE throughput. 
Table 2 Different OLPC schemes in simulation
	OLPC schemes
	Subframe sets construction
	Setting of OLPC parameter P0

	Two subframe sets
	set_A={2}, set_B={3,4,7,8,9}
	P0 used in set-B is 10dB larger than what is used in set-A

	Three subframe sets
	set_A={2}, set_B={3,7,8}, set_C={4,9}
	P0 used in set-B is 5dB larger than in set-A, and 5dB smaller than in set_C
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Figure 3 Uplink performance comparison for OLPC
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Figure 4 Downlink performance comparison for OLPC
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Figure 5 Macro & Pico UE Power Consumption
The statistics of UE power consumptions are shown in Figure 5, 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 two subframe-set constructions are very close to each other.
· For pico UE, the power consumption for ‘two subframe sets’ is higher than ‘three subframe sets’.
From viewpoints of standardization and implementation, the additional efforts and complexity for increasing the maximum subframe sets from two to three in OLPC is minimal. Meanwhile, to define the capability of three subframe sets for OLPC does not prevent eNB to configure only two or even one sets in the runtime operation. However, the flexibility is not there to support three sets if the capability is defined to limit on just two sets. We see the necessity to have the capability to support up to three sets, especially for macro-pico adjacent channel scenario in order to cover three different interference compositions: 
·  UL subframes in which no surrounding macro/pico cells can transmit DL signal;

·  UL subframes in which overlaid macro-cell transmits DL signal; 

·  UL subframes in which surrounding pico-cells but not macro-cell can transmit DL signal. 
Proposal 1: Define the OLPC capability to support up to three subframe sets.
3. CLPC Enhancement
Interference characteristic changes fast due to the small time scale of UL-DL reconfiguration and low-to-medium traffic load condition. Because OLPC parameter setting is semi-static, separate open loop power control may not fully conquer interference while avoiding unnecessary UE power consumption. It is beneficial to combine separate OLPC with CLPC to dynamically adjust UE transmission power.
Current LTE specification supports two CLPC procedures: accumulated power adjustment and absolute power adjustment. Both could be enhanced for use in TDD eIMTA. This contribution evaluates the performances of both enhancements. 
Accumulated Power Adjustment
Three CLPC processes are independently run upon three subframe sets {2}, {3,7,8} and {4,9}, respectively. The TPC accumulation in one subframe is based on the latest subframe belonging to the same subframe set [2]. The performance comparisons between separate OLPC and joint separate OLPC+CLPC (accumulation enabled) are given in Figure 6 for uplink and in Figure 7 for downlink. In the simulation, the ‘legacy TPC step’ is {-1, 0, 1, 3} [3] and the ‘enlarged TPC step’ is {-3, 0, 3, 5}. 
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Figure 6 Uplink performance comparison for accumulated power adjustment
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Figure 7 Downlink performance comparison for accumulated power adjustment
Figure 6 and Figure 7 show that

· The performances of separate OLPC and separate OLPC+CLPC with either legacy TPC step or enlarged TPC step are similar on macro-cell uplink, macro-cell downlink and pico-cell downlink.

· The noticeable performance difference is observed on pico-cell uplink, for which the separate OLPC+CLPC with either legacy TPC step or enlarged TPC step is better than separate OLPC by 15% for UE average throughput, 14% for 5%-ile UE throughput and 24% for 50%-ile UE throughput.
Observation 1: The accumulated power adjustment per subframe set could improve the performance of pico uplink.
Absolute Power Adjustment
Similar to accumulated power adjustment, absolute power adjustment has three CLPC processes independently running upon subframe sets {2}, {3,7,8} and {4,9}, respectively. eNB measures the IoT or SINR fluctuation in one subframe set, then decides the TPC commands for subframes in this subframe set. If UE does not receive TPC command for one UL subframe, it applies the same TPC command as in the last subframe belonging to the same subframe set.
The performance comparisons between separate OLPC and joint separate OLPC+CLPC (accumulation disabled) are given in Figure 8 for uplink and in Figure 9 for downlink. Here, the ‘legacy TPC step’ is {-4, -1, 1, 4} [3] and the ‘enlarged TPC step’ is {-4,0,4,8}. 
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Figure 8 Uplink performance comparison for absolute power adjustment
[image: image17.png]Packet Throughput(Mbps)

20
18
16
14
12

onN B O ®

Macro Downlink

W separate OLPC

W separate OLPC & CLPC,
legacy TPC step

W separate OLPC & CLPC,
enlarged TPC step




 [image: image18.png]Packet Throughput(Mbps)
BN N W
w o 0 & »n &

o

Pico Downlink

W separate OLPC

W separate OLPC & CLPC,
legacy TPC step

W separate OLPC & CLPC,
enlarged TPC step

mean 5% 50% 95%





Figure 9 Downlink performance comparison for absolute power adjustment
From Figure 8 and Figure 9, it is observed that

· The performances of separate OLPC and separate OLPC+CLPC with either legacy TPC step or enlarged TPC step are similar on macro-cell uplink, macro-cell downlink and pico-cell downlink.
· The pico uplink performance gain of separate OLPC+CLPC with legacy TPC step over separate OLPC is 6.4% for UE average throughput, 3.2% for 5%-ile UE throughput and 8.2% for 50%-ile UE throughput.

· The pico uplink performance gain of separate OLPC+CLPC with enlarged TPC step over the solution with legacy TPC step is 6% for UE average throughput, 10% for 5%-ile UE throughput, and 12.4% for 50%-ile UE throughput. 
Observation 2: The absolute power adjustment per subframe set could improve the performance of pico uplink.

Observation 3: Enlarged TPC step brings large performance gains over legacy TPC step.
Based on above simulation results and analysis, it is proposed that
Proposal 2: Enhanced CLPC running on separate subframe sets should be considered for IM solution in TDD eIMTA.

Proposal 3: Enlarged TPC steps should be considered in enhanced CLPC.
4. Conclusions
It is observed in our simulations that
Observation 1: The accumulated power adjustment per subframe set could improve the performance of pico uplink.
Observation 2: The absolute power adjustment per subframe set could improve the performance of pico uplink.

Observation 3: Enlarged TPC step brings large performance gains over legacy TPC step in absolute power adjustment per subframe set.
It is therefore proposed that
Proposal 1: Define the OLPC capability to support up to three subframe sets..
Proposal 2: Enhanced CLPC running on separate subframe sets should be considered for IM solution in TDD eIMTA.
Proposal 3: Enlarged TPC steps should be considered in enhanced CLPC.
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Appendix
Table 3 Simulation assumptions
	Parameters
	Assumptions

	Scenario
	Multi-cell, macro-pico adj-channel

	Traffic model
	· 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 2.5

	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

	ACIR BS-BS
	43dB

	ACIR BS-UE
	33dB

	ACIR UE-BS
	30dB

	ACIR UE-UE
	28dB
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