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1. Introduction and Discussion

At TSG-RAN1#48, a number of operators required that LTE system performance verification should be performed in order to ensure that the final LTE system would still be able to realize the performance gains compared with HSPA. This contribution presents the preliminary uplink system performance evaluation results on achievable spectrum efficiency, user throughput and coverage from Huawei, including Case1, 2, 3 for macro-cell.

2. Simulation Conditions
2.1. Macro-cell system deployment
The system simulation baseline parameters for the Macro-cell deployment model are given in Table 1.
Table 1 Macro-cell system simulation baseline parameters
	Parameter
	Assumption

	Cellular Layout (wrapped around)
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	See Specific Simulation Cases

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=120.9 - 900MHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4 

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m  

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	See Specific Simulation Cases

	Antenna pattern  (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	See Specific Simulation Case

	Channel model
	Spatially uncorrelated 6-ray Typical Urban (TU) channel model

	UE speeds of interest
	See Specific Simulation Cases

	Total BS TX power (Ptotal)
	43dBm – 1.25, 5MHz carrier,   46dBm - 10MHz carrier

	UE power class
	24dBm (250mW)

	Inter-cell Interference Modeling
	Modeling the strongest B interfering sectors (B = 8sectors for DL, B = 10users for UL) as spatially correlated processes whose covariance is determined by their channel matrices.

Modeling the remaining sectors as spatially white Gaussian noise processes whose variance is based on a flat Rayleigh fading process.

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters 

	Thermal noise spectral density
	-174 dBm/Hz


2.2. Reference UE

Table 2 Reference UE Parameters
	Parameters
	Assumption

	Receiver
	2 Antennas

	Transmitter
	1 Antenna

	Antenna gain
	0 dBi 

	Noise Figure
	9 dB


2.3. Reference eNodeB

Table 3 Reference Node-B Parameters
	Parameters
	Model Assumptions

	Node-B Transmitter
	1, 2 Antennas

	Node-B Receiver 
	2 Antennas

	Noise Figure
	5 dB

	BS antenna gain plus cable loss
	14 dBi (for macro cell case)

6 dBi (for micro cell case with omni-antennas)


2.4. Other Parameters

Table 4 System Common Parameters
	Parameter
	Assumption

	Traffic model
	Full buffer

	Users per sector
	10

	Frequency re-use factor
	1

	Link to System Interface
	EESM

	CQI
	Feedback Period
	5ms

	
	Delay
	2ms

	
	CQI bin bandwidth
	2 RBs

	
	Estimation error 
	Gaussian distribution with standard deviation=1dB

	Physical Layer Numerology
	See [2]

	Number of symbols per RB
	7

	Target BLER
	10%

	Channel Estimation
	See 6.6


Table 5 UL Parameters
	Parameter
	Model Assumption

	Basic modulation
	QPSK, 16QAM, 64QAM

	Node B schedule
	PF scheduling in time and frequency

	Link adaptation
	MCS resolution
~1 dB resolution from –10 to 17 dB

	Hybrid ARQ
	Type
	Synchronous HARQ with IR

	
	Number of processes
	6

	
	ACK/NACK interval
	2, No errors

	
	Maximum number of retransmissions
	2

	MIMO
	Antenna configuration
	1x2 in all cases
10 lambda antenna spacing at eNodeB

	Power control
	Open loop power control, using the same FPC scheme as described in [3]

	Inter-cell interference cancellation
	Interference Rejection Combining at UE

	Inter-cell interference co-ordination
	Static Fractional Frequency Reuse with reuse factor 1

	Inter-node B synchronization
	Synchronized

	Control channel overhead
	Baseline out of band control channel overhead in uplink spans 8 RBs (i.e. 96 sub-carrriers with 4 RB's on each side of the system bandwidth).
2 LB per sub-frame are assumed as pilot overhead for demodulation

	Control channel error
	no ACK/NACK and L1/L2 signaling error

	Receiver noise floor
	a max. C/I limit of 17 dB


3. Simulation Scenario and Results
3.1. Macro-Cell Case 1
3.1.1 Simulation Scenario
Specific parameters in case 1 are given in Table 6. The others are given in section 2.1
Table 6 Simulation Case 1 Parameters
	Parameters
	Assumptions

	Carrier frequency (CF)
	2.0 GHz

	Inter-site distance (ISD)
	500 meters

	Operating bandwidth (BW)
	10 MHz

	Penetration loss (PLoss)
	20 dB

	UE speed
	3 km/h


3.1.2 Simulation Results

Table 7 Uplink full queue system evaluation

	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency
	Initial BLER
	Mean IoT

	1x2
	7.3419 Mb/s

0.73419 b/s/Hz
	0.73419 Mb/s

0.073419 b/s/Hz
	0.2025 Mb/s

0.02025 b/s/Hz
	30.31 %
	12.3358 dB
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Figure 1 Uplink user throughput CDF
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Figure 2 Uplink IoT CDF
3.2. Macro-Cell Case 2
3.2.1 Simulation Scenario
Specific parameters in case 2 are given in Table 8. The others are given in section 2.1
Table 8 Simulation Case 2 Parameters
	Parameters
	Assumptions

	Carrier frequency (CF)
	2.0 GHz

	Inter-site distance (ISD)
	500 meters

	Operating bandwidth (BW)
	10 MHz

	Penetration loss (PLoss)
	10 dB

	UE speed
	30 km/h


3.2.2 Simulation Results

Table 9 Uplink full queue system evaluation

	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency
	Initial BLER
	Mean IoT

	1x2
	7.1105 Mb/s

0.71105 b/s/Hz
	0.71105 Mb/s

0.071105 b/s/Hz
	0.1975 Mb/s

0.01975 b/s/Hz
	32.91 %
	12.2331 dB
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Figure 3 Uplink user throughput CDF
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Figure 4 Uplink IoT CDF
3.3. Macro-Cell Case 3
3.3.1 Simulation Scenario
Specific parameters in case 3 are given in Table 10. The others are given in section 2.1
Table 10 Simulation Case 3 Parameters
	Parameters
	Assumptions

	Carrier frequency (CF)
	2.0 GHz

	Inter-site distance (ISD)
	1732 meters

	Operating bandwidth (BW)
	10 MHz

	Penetration loss (PLoss)
	20 dB

	UE speed
	3 km/h


3.3.2 Simulation Results

Table 11 Uplink full queue system evaluation

	Metric
	Avg cell throughput and spectrum efficiency
	Avg user throughput and spectrum efficiency
	Cell-edge user throughput and spectrum efficiency
	Initial BLER
	Mean IoT

	1x2
	8.0873 Mb/s

0.80873 b/s/Hz
	0.80873 Mb/s

0.080873 b/s/Hz
	0.0567 Mb/s

0.00567 b/s/Hz
	30.79 %
	7.1583 dB
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Figure 5 Uplink user throughput CDF
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Figure 6 Uplink IoT CDF
4. Conclusion

The objective of full queue system evaluation is to assess the baseline performance of LTE system. Multi-cell interference and typical overhead (control channels of both links, pilots) in conformity with the evaluation framework [7] is considered. In this contribution, we give following results through system-level simulations in E-UTRA uplink.
· Average cell throughput and spectrum efficiency.

· Average user throughput and spectrum efficiency.

· 5%-tile user throughput and spectrum efficiency.

· User throughput CDF for fairness.

· UL IoT
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