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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. 
However, the impact of power control settings on the evaluation of different LTE technical aspects was not thoroughly studied. In the output of the email discussion “Common parameters for UL CoMP evaluation” [3], the uplink power control settings were defined as:
Companies to state: alpha value, P0 value, open or closed loop, K_s value (Macro and pico may use different values)

α=1.0, P0=-106 for both macro & pico UEs (suggested value for calibration and/or benchmarking)
In this contribution, we show that this definition of uplink power control parameters may be problematic in some cases such as the benefit of CRE for uplink performance, since different uplink power control parameters settings lead to different conclusions based on the simulation results. 
Therefore, the uplink power control parameter setting needs to be consistent for evaluating other uplink technical enhancements including uplink CoMP in order to avoid misleading evaluation results due to different power control parameter setting or values.
2. Discussion of Uplink Power Control Parameters Setting in this evaluation
The Fractional Pathloss Compensation (FPC) algorithm, which is the core of the LTE Rel-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], [5]. 
As it was discussed in [6], in heterogeneous network deployments parameter alpha (
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) cannot provide interference control and, therefore, alpha is preferred to be set to 1 for full pathloss compensation, i.e., the FPC algorithm is not as effective in heterogeneous network deployments as in homogeneous network deployments.
Regarding the value for 
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, as proposed in [6], this can be set as
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where NI is the average value of the uplink noise and interference PSD in each cell and 
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 is the target received SINR value. In the simulations, we set NI as 
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where 
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 is set to 0.05 and 
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 is derived from the cell IoT value of the current subframe.

For the 
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 value used in E.2, we set this value to 4 dB. Based on simulation results where 
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was varied from -4 dB to 4 dB in 2 dB steps, it was shown that 
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equal to 4 dB leads to the best performance for both cell average and cell-edge user SE.
According to the current specs [7] [8], the value of 
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 for PUSCH, PUCCH, and SRS can be divided into cell-specific parts (p0-NominalPUSCH and p0-NominalPUCCH) and UE-specific parts (p0-UE-PUSCH, p0-UE-PUCCH and pSRS-Offset). The cell-specific 
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 information is provided in UplinkPowerControlCommon that is included in broadcasted message SystemInformationBlockType2, with the broadcasted period being flexibly configurable by schedulingInfoList as 8, 16 … 512 frames. Therefore, for more realistic simulation, we set the 
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 broadcast period as 80 subframes (8 frames) that will reset all P0 values stored in each UE.
One example of the new 
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 distribution for Config #1 is shown in Figure 1 (the results for Config #4b are shown in Appendix B, see Figures 10 and 11).
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Figure 1 P0 Distribution of Uniform UE Distribution, CRE = 0 dB and 16 dB
The K_s value, which is included as part of the OLPC description in [3], is set as 0 in this evaluation. For non-zero values of K_s, this will result in power adjustments depending on the MCS level assigned by the eNB, which means that the link adaptation based on AMC will be disabled. Therefore, the information below needs to be provided when non-zero K_s values are selected:
· The method/algorithm to decide the appropriate MCS at the eNB for each UE needs to be explicitly defined, and
· The link adaptation method/algorithm needs to be explicitly defined because the AMC is disabled.
Otherwise, stating only the non-zero K_s values cannot provide sufficient information for the corresponding simulation evaluation.
Proposal: 
· If a non-zero K_s value is selected for uplink system level simulation, the corresponding algorithms to decide MCS level and to perform link adaptation need to be explicitly defined.
3. System Level Simulation Results and Comparison
According to the simulation assumptions listed in Appendix A, there are two sets of uplink power control parameters. The first one is the conventional way of power control parameter setting typically used for uplink performance calibration: 

ULPC Setting #1: P0 = - 106 dBm and alpha = 1.0
This will be used as the reference setting for comparison with the parameter settings described in Section 2 (referred to as ULPC Setting #2 in the sequel).
For the CRE value, we vary this value from 0 to 16 dB in 4 dB steps in order to study the impact of CRE on the system performance for the two ULPC parameters settings investigated in this contribution.
In a first step, Figures 2 and 3 show the impact of the CRE value on the uplink performance for ULPC Setting #1 for uniform (config 1) and clustered (config 4b) UE distribution, respectively.
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Figure 2 Cell/Cell-edge SE vs. CRE values, Scenario 3, Uniform UE Distribution (ULPC Setting #1)
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Figure 3 Cell/Cell-edge SE vs. CRE values, Scenario 3, Clustered UE Distribution (ULPC Setting #1)
Further details of those simulation results are provided in [6]. According to the results of Figures 2 and 3, it can be concluded that increasing CRE value brings positive gain for the overall HetNet uplink performance, which is the common view for supporting CRE values greater than 6 dB. However, when we consider the results for ULPC Setting #2, see Figures 4 and 5, different conclusion are drawn.
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Figure 4 Cell/Cell-edge SE vs. CRE values, HetNet Scenario 3, Uniform Distribution (ULPC Setting #2)
[image: image25.emf]0 2 4 6 8 10 12 14 16

0.65

0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

CRE Value (dB)

Uplink Cell SE(bps/Hz)

Cell SE vs. CRE Value, Cluster Distribution (Scenario #3)

 

 

All Cell Statistics

Macro Cell Only Statistics

Pico Cell Only Statistics

 [image: image26.emf]0 2 4 6 8 10 12 14 16

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.11

0.12

0.13

CRE Value (dB)

Uplink Celledge SE(bps/Hz)

Celledge SE vs. CRE Value, Cluster Distribution (Scenario #3)

 

 

All Cell Statistics

Macro Cell Only Statistics

Pico Cell Only Statistics


Figure 5 Cell/Cell-edge SE vs. CRE values, HetNet Scenario 3, Cluster Distribution (ULPC Setting #2)
According to the results in Figures 4 and 5, when ULPC Setting #2 is applied (see Appendix B for the details of the simulation assumptions), large CRE values (> 4 dB) do not bring significant gain for cell throughput while they have an obvious negative impact on the cell edge UE performance.
Observation: 
· Different uplink power control parameters settings will result in different conclusions when evaluating different uplink technical aspects, such as the impact of CRE on uplink HetNet performance.
· CRE values higher than 4 dB do not bring obvious gains for HetNet uplink performance when uplink power control parameter settings which can be supported by current Rel-10 (and Rel-8/9) specs are used.
The essential performance difference between uplink power control settings #1 and #2  is: Since the performance of ULPC Setting #1 is poor for CRE equal to 0 dB, higher CRE values seem to lead to obvious performance gains compared to the poor performance of CRE=0 dB. However, since ULPC Setting #2 offers good performance for CRE equal to 0 dB (~50% better than ULPC setting #1), high CRE values do not lead to performance benefits.
Not only for CRE value evaluation, but also for other uplink technical enhancements, due to the importance of uplink power control, the optimum (or at least sub-optimum) settings need to be clearly defined and unified, rather than relying on the settings by each company’s preference. Otherwise, the evaluation results can be highly dependent on the power control parameter choices and can lead to totally different (even opposite) views on uplink enhancements for Rel-11, such as for UL CoMP.
Proposal:
·  The simulation settings for the uplink power control parameters need to be unified before studies of other uplink technical aspects for LTE Rel-11 take place.
4. Summary
This contribution addresses the uplink power control parameters setting issue in uplink evaluation (including CoMP). Based on the results and discussion in Sections 2 and 3, the following observations are made:
· Different uplink power control parameters settings will result in different conclusions when evaluating uplink technical aspects such as the impact of CRE on the uplink HetNet performance.

· A CRE value higher than 4 dB does not bring obvious gain for HetNet uplink performance if uplink power control parameter settings which can be supported by current Rel-10 (and Rel-8/9) specs are used.

Based on the identified problems of uplink power control parameter setting for HetNet scenarios, the following is proposed:
· The simulation settings for uplink power control parameters need to be unified before the study of other uplink technical aspects takes place.
· If non-zero K_s value is selected for uplink system level simulation, the corresponding algorithms to decide MCS level and to perform link adaptation need to be explicitly defined.
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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
	1. P0 = -106 dBm and alpha = 1.0

And

2. P0 set as section 2, alpha = 1.0


Appendix B: Details of Evaluation Results

1. Summary of Evaluation Results (ULPC Setting #2)
UE Distribution Config #1:

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

	Average cell throughput 

(Mbps/cell)
	7.24
	7.48
	7.56
	7.56
	7.54

	Macro area throughput 

(Mbps/Macro)  
	10.52
	10.56
	10.56
	10.40
	10.1

	Pico cell throughput 

(Mbps/LPN)
	6.42
	6.71
	6.79
	6.84
	6.91

	Macro UE ratio 

(%) 
	46.0
	38.3
	31.2
	22.7
	17.4


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) 
	0.047
	0.053
	0.054
	0.047
	0.043

	Macro area cell-edge SE 

(bps/Hz/cell) 
	0.042
	0.051
	0.061
	0.078
	0.089

	Pico cell cell-edge SE 

(bps/Hz/cell) 
	0.054
	0.054
	0.047
	0.047
	0.042


Table 2: Cell-edge Performance

UE Distribution Config #4b:

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

	Average cell throughput 

(Mbps/cell)
	7.58
	7.67
	7.77
	7.86
	7.81

	Macro area throughput 

(Mbps/Macro)  
	11.1
	10.9
	10.8
	10.5
	9.77

	Pico cell throughput 

(Mbps/LPN)
	6.70
	6.85
	7.01
	7.20
	7.31

	Macro UE ratio 

(%) 
	30.1
	23.6
	17.4
	12.9
	8.7


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) 
	0.048
	0.049
	0.043
	0.042
	0.041

	Macro area cell-edge SE 

(bps/Hz/cell) 
	0.055
	0.066
	0.083
	0.102
	0.127

	Pico cell cell-edge SE 

(bps/Hz/cell) 
	0.047
	0.044
	0.043
	0.041
	0.040


Table 4: Cell-edge Performance

2. User Throughput CDF (ULPC Setting #2)
UE Distribution Config #1:
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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)
UE Distribution Config #4b:
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Figure 8 One selected case of normalized throughput distribution, Clustered distribution (CRE=0dB)
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Figure 9 One selected case of normalized throughput distribution, Clustered distribution (CRE=16dB)

3. P0 CDF (ULPC Setting #2) of Config#4b
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Figure 10 P0 Distribution of Clustered UE Distribution, CRE = 0 dB
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Figure 11 P0 Distribution of Clustered UE Distribution, CRE = 16 dB
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