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1 Introduction
This contribution presents link level performance results of the beam forming algorithm described in [1]. A comprehensive evaluation and optimization of algorithm parameters 
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 and 
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 is carried out, in order to assess their impact on link performance.
2 Link level simulation assumptions

This section presents major simulation assumptions.
Table 1 Simulation assumptions
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020

	Number of physical data channels and spreading factor
	2ms TTI TBS2020: 2xSF2

	20*log10(βed/βc) [dB]
	2ms TTI TBS2020: 9

	20*log10(βec/βc) [dB]
	2ms TTI: 2

	Number of H-ARQ Processes
	2ms TTI: 8

	Target Number of H-ARQ Transmissions
	2ms TTI: 4

	Residual BLER
	1%

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic,   3 slots

	SIR Estimation
	1 slot

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	+/- 1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	4%

	Propagation Channel
	 PA3, VA3, VA30,

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	 -3, 0, 3 

	UE Tx Antenna Correlation
	0, 0.3 0.7 

	UE DTX
	OFF


3  Parameter Optimization
The performance of the beam forming algorithm [1] is strongly dependent on the choice of parameters 
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. These were swept in order to identify the optimal values. This process led to a comprehensive set of results, shown in this section. The simulations were performed for uncorrelated channels, without antenna imbalance. The following values were tested:
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 =  { 4 , 7 , 10 , 13 , 16, 20, 25, 33, 45, 60 } degrees. 
The reference case is a single TX antenna setup.
3.1 Pedestrian A 3kmph

[image: image7.emf]4

7

10

13

16

20

25

33

45

60

4

10

16

25

45

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

Gain over Ref. 

[dB]

Epsilon [deg]

Delta [deg]

PedA 3kmph


Figure 1 Optimisation of 
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 and 
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 - results for PedestrianA 3kmph
3.2 Vehicular A 3kmph
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Figure 2 Optimisation of 
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- results for VehicularA 3kmph
3.3 Vehicular A 30kmph
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Figure 3 Optimisation of 
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- results for VehicularA 30kmph
3.4 Summary
Table 2 summarizes the optimal values for 
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. From the results we can observe that the best performance, for all simulated conditions, is obtained with the parameters lying in a similar range for each parameter. 
Table 2 Optimal parameter values
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[deg]
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[deg]

	PA 3
	10
	25

	VA 3 
	13
	25

	VA 30
	13
	7-16


4 Simulation Results

In this section simulation results are presented. The simulations were performed with different channel correlation and different antenna imbalance. For each set of simulation conditions, the parameters 
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 were individually optimized, as described in the previous section. Typically, this confirmed that the findings for 0 correlation and no antenna imbalance remain valid for other conditions; in a small number of cases, the optimal parameter value shifted to the one at the neighbouring position.
4.1 Results for Antenna Correlation 0, 30, 70% 

This section presents terminal TX power gains and RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference) obtained with the practical algorithm [1].  The reference case is a single TX antenna setup with a 3-slot channel estimator. Results for Antenna Correlation 0 , 0.3 , 0.7 were performed without antenna imbalance.
Table 3 UE mean Tx power gain vs antenna correlation
	
	Antenna Correlation 
gains [dB]

	
	0%
	30%
	70%

	PA
	1.71
	1.74
	2.30

	VA3
	0.54
	0.77
	1.69

	VA30
	0.04
	0.29
	1.32


Table 4 NodeB mean RX Ec/No gain vs antenna correlation.
	
	Antenna Correlation 
gains [dB]

	
	0%
	30%
	70%

	PA
	-0.3
	-0.4
	-0.3

	VA3
	-0.29
	-0.2
	-0.2

	VA30
	-0.05
	0.05
	0.24


4.2 Results for Antenna Imbalance -3 , 0 , 3 dB

This section presents terminal TX power gains and RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference) obtained with the practical algorithm [1].  The reference case is a single TX antenna setup with a 3-slot channel estimator. Results for Antenna Imbalance -3, 0, 3 dB  are performed with uncorrelated antennas.

Table 5 UE mean Tx power gains vs antenna imbalance

	
	Antenna Imbalance
gains [dB]

	
	-3 dB
	0 dB
	3 dB

	PA
	0.20
	1.71
	3.35

	VA3
	-0.83
	0.54
	2.21

	VA30
	-1.27
	0.04
	1.77


Table 6 NodeB mean RX Ec/No gains vs antenna imbalance.
	
	Antenna Imbalance
gains [dB]

	
	-3 dB
	0 dB
	3 dB

	PA
	-0.2
	-0.3
	-0.3

	VA3
	-0.27
	-0.29
	-0.32

	VA30
	-0.15
	-0.05
	-0.04


5 Conclusions
Based on the simulation results, we can conclude that:

· The practical scheme [1] shows higher gains than other practical schemes investigated so far [2]. 

· For uncorrelated channels, gains 1.7 dB are observed over the reference for PA3. The gains diminish as multipath or time diversity increases; for VA30 the gain is reduced to zero.
· In the presence of antenna correlation the UE Tx power shows increased gains for PA3 VA3 and VA30.  

· In the presence of -3 dB antenna imbalance the UE Tx power shows very little gain for PA3 and 1.3 dB loss for VA30.  
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