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1. Introduction
In the study of uplink CoMP in heterogeneous network (HetNet) deployments such as Scenarios 3 and 4 defined in [1], [2], the uplink power control algorithm and its parameter setting play a critical role in the evaluation of the system performance. 
The LTE uplink control algorithm (FPC: Fractional Pathloss Compensation) was developed based on the study of homogenous network deployments [3], which implies that the currently used uplink power control parameters settings (P0 and alpha) were also optimized for homogenous network deployments. Therefore, there is lack of sufficient study of uplink power control in HetNet deployments.
This contribution discusses uplink power control and related interference features in HetNet deployments through analysis and simulation using the evaluation methodology outlined in [1], [2].
2. The Discussion of HetNet Uplink Interference vs. FPC Algorithm
The Fractional Pathloss Compensation (FPC) algorithm, which is the core of the LTERel-8/9/10 uplink open loop power control used for PUSCH, can be simply expressed as:
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where 
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 is the transmission power in one RB. The discussion history of FPC can be traced back to the beginning of 2006, see for instance [4]. By transforming E.1, we can get more insight into the fundamentals of the FPC.
E.1 can be written as
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which enables the following definition:
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Therefore, the essential idea of FPC can be described as follows: 

· If the measured downlink pathloss (
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) by CRS is large, the UE is considered as a cell-edge UE (generates more interference to its neighboring cells) and, thus, the target received PSD (at each eNB antenna) should be low in order to control the uplink interference to neighboring cells; 

· If the value of 
[image: image6.wmf]PL

 is small, the UE is considered as a cell-center UE (generates less interference to its neighboring cells) and, thus, the target received PSD (at each eNB antenna) can be high in order to achieve high performance.
The uplink interference control mechanism based on the fraction of the pathloss value is reasonable for homogenous network deployments; however, for HetNet deployments, the situation is quite different. To illustrate the differences, we use the following simple example as illustrated in Figure-1:
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Figure-1 Example of HetNet Uplink Interference vs. FPC
Here, we assume that: 

· Macro UE #1 and #2 have exactly the same pathloss to the Macro cell;
· Macro UE #1 is far away from the Pico cell (in the Macro coverage area), and Macro UE #2 is nearby the Pico cell coverage area.
With the current power control used in LTE, Macro UE #1 and #2 generate exactly the same transmission power based on the FPC algorithm; however, Macro UE #2 will cause severe interference to the Pico cell.
Proposal 1: In heterogeneous network deployment scenarios, the uplink interference control algorithms that are only based on the pathloss value, such as the FPC algorithm used in LTE Rel-8/9/10, are not sufficient and need to be further studied and improved.
Preliminary evaluation results that support this observation/proposal will be presented in Section 3 - evaluation results for the study of power control parameter setting for HetNet deployments in the uplink.
The above discussion is based on the non-CoMP HetNet case. For the uplink CoMP case, the first priority task related to power control is to solve the pathloss measurement issue that was addressed in previous contributions such as [6], [7], [8], which are related to uplink transmission of all uplink channels (PUSCH, PUCCH and SRS). After the pathloss measurement issue for CoMP is resolved, the pathloss-only based interference control method for PUSCH, such as FPC, will be also insufficient and needs to be further enhanced for both homogenous and heterogeneous network deployments.
3. Discussion of FPC Parameters Setting for HetNet Uplink System Level Simulation
When applying the FPC uplink power control equation (E.1) for uplink performance evaluation, there are two main methods for control parameter (P0 and alpha) setting:
· Set the P0 and alpha value directly; in this case, there are two options for deciding the values of P0 and alpha:
· Set alpha = 1 (full pathloss compensation) and set P0 according to the optimum target received SNR value; for example, the P0 = -106 dBm is a typical assumption obtained from a received SNR target value equal to 10 dB;

· Set alpha = 0.8 (or other values not equal to 1) as a trade-off between cell average throughput and cell-edge throughput performance and then search for  the optimum P0 value for each simulation scenario.
· Due to the difficulties of finding the optimum value of P0 when alpha is not equal to 1, there is a method proposed in [5] that can determine P0 by using the SNR target value and the maximum transmission power:
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where, 
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 is the open loop SNR target value
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 is the noise PSD (power spectral density)
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It is noted that both methods will set the same P0 value for all cells in the network; however, as already mentioned in Section 2, this may be acceptable for homogenous networks but not necessarily for heterogeneous networks.
In the following, we choose one commonly adopted uplink power control setting used for calibration, P0 = -106 dBm and alpha = 1.0, in order to illustrate the issue in HetNet deployment scenarios when the same P0 is set for all cells (including low power nodes). Other evaluation parameters are listed in Appendix A of this contribution.
In a first step, Figure 2 presented the IoT distribution results for Scenario 3 with CRE=0 dB:
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Figure 2 IoT Distribution of HetNet Scenario 3, CRE=0dB

Based on the IoT results of Figure 2, the following observations are drawn:
· Compared to the IoT distribution of the Macro cell, the wide range of the Pico cell IoT distribution illustrates the issue of HetNet uplink interference control due to FPC, which is already discussed in Section 2.
· Due to the current uplink power control parameter setting in simulation, P0 is the same and fixed to -106 dBm for all cells and will brings low cell-edge user performance compared to Macroonly cell-edge user performance. To make things worse, some Pico cells may be even blocked for uplink transmission due to very high IoT values:
· The maximum IoT of Config #1 reaches ~34 dB

· The maximum IoT of Config #4b reaches ~36 dB
In order to show the cell-edge performance gap between Macro and Pico cells, Figure 3 presents the results for Config #4b in the case of CRE=0 dB (left graph) and CRE=16 dB (right graph); additional evaluation results are presented in Appendix B of this contribution.
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Figure 3 User Throughput, HetNet Scenario 3, CRE=0dB, 16dB, Cluster Distribution

Figure 4 presents the combined results of the cell SE (left graph) and cell-edge user SE (right graph) for all evaluated CRE values (from 0 dB to 16 dB) for Config #4b.
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Figure 4 Cell/Cell-edge SE vs. CRE values, HetNet Scenario 3, Cluster Distribution
Based on the evaluation results of Figure 4 (the detailed results are presented in Appendix B), we observe the following:
· Large CRE values in Scenario 3 provide obvious performance benefits for both cell and cell-edge SE.
· The performance gap between Macro and Pico cell-edge is significant and cannot be reduced by increasing the CRE value.
As already discussed, we shows that the Pico cell-edge user SE issue is due to the following reasons: 

· Fixed P0 value setting for all cells (including the Pico cells), and 
· wide range of the IoT distribution in Pico cells.

Since the wide range of the IoT distribution in Pico cells is a consequence of the current FPC algorithm, further studies are required in order to obtain the optimum setting for the FPC algorithm that will be used as a starting point for the uplink CoMP evaluations. For example, different P0 values can be set in each Pico cells depending on the noise and interference level in each Pico cell as follows:
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where NI is the average (within a certain subframe window) value of the uplink noise and interference in each cell and 
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 is the target received SINR value set in the simulation. 

Following the analysis and results presented in Section 3 and Appendix B, the following proposal is made:

Proposal 2: For uplink simulation of HetNet deployment scenarios, the P0 setting of the FPC algorithm should not be a fixed value over all cells in the network.
4. Conclusion
In this document, we discuss the uplink power control issues of PUSCH for heterogeneous network deployments. Summarizing the discussion, we propose the following for the purpose of further evaluations:

Proposal 1: In heterogeneous network deployment scenarios, the uplink interference control algorithms that are only based on the pathloss value, such as the FPC used for Rel-8/9/10, are not sufficient and need to be further studied and improved.
Proposal 2: For uplink simulation of HetNet deployment scenarios, the P0 setting of the FPC algorithm should not be a fixed value over all cells in the network.
As a final remark, Proposal 1 may be have potential impact on the standardization in Rel-11; Proposal 2 is already supported by the current specifications and just aims at the determination of more appropriate uplink power control parameter setting for uplink HetNet deployment performance evaluations.
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Appendix A: HetNet SLS Simulation Parameters
	Parameter
	Value

	Bandwidth
	FDD, 10 MHz, 46 RBs for PUSCH

	Carrier Frequency
	2.0 GHz

	Cellular Layout
	As in TR 36.814 and TR 36.819

	eNB Tx power
	46 dBm at Macro, 30 dBm at Pico

	Users per cell
	25 for Config #1, 30 for Config #4b

	Uplink scheduler
	Round Robin

	Number of lower power nodes per macro-cell
	4

	Antenna Configuration
	1x2, ULA with 10 lambda spacing at eNB

	Receiver Type
	Linear MMSE

	Link adaptation
	Target BLER = 10-1

	Channel estimation for DMRS & SRS
	Ideal 

	HARQ scheme
	Chase Combining

Round trip delay = 8 ms

Maximum Retransmission Number = 4

	SRS Setting
	10 ms period

	CRE for cell selection
	0, 4, 8, 12, 16 dB

	Traffic Model
	Full Buffer

	FPC Power Control Parameter Setting
	P0 = -106 dBm and alpha = 1.0


Appendix B: Details of Evaluation Results

1. Summary of Evaluation Results
UE Distribution Config #1:
	
	CRE=0dB
	CRE=4dB
	CRE=8dB
	CRE=12dB
	CRE=16dB

	Average cell throughput 

(Mbps/cell)
	4.92
	5.82
	6.54
	7.01
	7.49

	Macro area throughput 

(Mbps/Macro)  
	9.44
	9.81
	9.350
	8.960
	8.04

	Pico cell throughput 

(Mbps/LPN)
	3.79
	4.830
	5.830
	6.520
	7.350

	All (Macro+Pico) IoT 

(dB)
	10.86 (variance: 4.16)
	9.17 (3.29)
	7.94 (2.61)
	7.11 (2.31)
	6.75 (2.36)

	Macro cell IoT 

(dB)
	6.64 (variance: 1.48)
	6.65 (1.48)
	7.06 (1.52)
	7.78 (1.63)
	9.07 (1.78)

	Pico cell IoT 

(dB)
	11.9  (variance: 3.95)
	9.80 (3.31)
	8.16 (2.78)
	6.94 (2.42)
	6.169 (2.12)

	Macro UE ratio 

(%) 
	48.7
	39.4
	32.4
	25.1
	19.4


Table 1: Throughput, IoT and Macro Attached Rate

	　
	CRE=0dB
	CRE=4dB
	CRE=8dB
	CRE=12dB
	CRE=16dB

	Average cell-edge SE

(bps/Hz/cell) 
	0.0283
	0.0309
	0.0360
	0.0381
	0.0345

	Macro area cell-edge SE 

(bps/Hz/cell) 
	0.0306
	0.0359
	0.0409
	0.0449
	0.0509

	Pico cell cell-edge SE 

(bps/Hz/cell) 
	0.0213
	0.0276
	0.0288
	0.0316
	0.0344


Table 2: Celledge Performance

UE Distribution Config #4b:
	
	CRE=0dB
	CRE=4dB
	CRE=8dB
	CRE=12dB
	CRE=16dB

	Average cell throughput 

(Mbps/cell)
	5.41
	6.47
	7.48
	8.05
	8.47

	Macro area throughput 

(Mbps/Macro)  
	10.9
	11.4
	11.500 
	10.690 
	9.69

	Pico cell throughput 

(Mbps/LPN)
	4.030 
	5.240 
	6.470 
	7.390 
	8.160 

	All (Macro+Pico) IoT 

(dB)
	10.60 (mean variance: 4.84)
	8.57 (4.00)
	6.87 (3.14)
	5.87 (2.55)
	5.18 (2.33)

	Macro cell IoT 

(dB)
	5.60 (mean variance: 1.65)
	5.53( 1.77)
	5.75 (1.82)
	6.24 (1.91)
	6.94 (2.07)

	Pico cell IoT 

(dB)
	11.85 (mean variance: 4.57)
	9.33 (4.05)
	7.16 (3.34)
	5.77 (2.68)
	4.74 (2.19)

	Macro UE ratio 

(%) 
	29.0 
	22.400 
	16.0 
	12.1 
	8.6 


Table 3: Throughput, IoT and Macro Attached Rate

	　
	CRE=0dB
	CRE=4dB
	CRE=8dB
	CRE=12dB
	CRE=16dB

	Average cell edge SE

(bps/Hz/cell) 
	0.0190
	0.0217
	0.0307
	0.0340
	0.0425

	Macro area cell-edge SE 

(bps/Hz/cell) 
	0.0464
	0.0543
	0.0615
	0.0851
	0.109

	Pico cell cell-edge SE 

(bps/Hz/cell) 
	0.0190
	0.0210
	0.0278
	0.0303
	0.0372


Table 4: Celledge Performance

2. Performance Curves
UE Distribution Config #1:
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Figure 5 Cell/Cell-edge SE vs. CRE values, HetNet Scenario 3, Uniform Distribution
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Figure 6, One selected case of normalized throughput distribution, Uniform Distribution (CRE=0dB)
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Figure 7, One selected case of normalized throughput distribution, Uniform Distribution (CRE=16dB)
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Figure 7, One selected case of IoT Distribution (CRE=0 dB)
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Figure 8, One selected case of IoT Distribution (CRE=16dB)

UE Distribution Config #4b:
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Figure 9 Cell/Cell-edge SE vs. CRE value, HetNet Scenario 3, Cluster Distribution
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Figure 10, One selected case of normalized throughput distribution, Cluster distribution (CRE=0dB)
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Figure 11, One selected case of normalized throughput distribution, Cluster distribution (CRE=16dB)
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Figure 12, One selected case of IoT Distribution (CRE=0 dB)
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Figure 13, One selected case of IoT Distribution (CRE=16dB)
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