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1. Introduction
This contribution presents simulation results of practical schemes for UL beamforming. Based on the simulations, we observe some link level gains at pedestrian UE speeds, but no gains in the VA channel profile at 30 km/h. Some gains for VA30 are visible in Tx antenna correlation and positive antenna imbalance cases.
2. Link level simulation assumptions

This section presents major assumptions, based on the document [2].
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]
	-6,-3, 0

	UE Tx Antenna Correlation
	0, 0.3 0.7 

	
	

	UE DTX
	OFF


3. Uplink Open Loop Beam Forming: 3GPP practical scheme 
The description of an example practical beamforming transmission scheme is quoted below after [3]:

Every time slot (0.667ms) the UE applies a weight vector 
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 to the transmit antennas. The signal power is always equal on both antennas, i.e. there is no amplitude difference between 
[image: image2.wmf]1

w

 and 
[image: image3.wmf]2

w

. The weight vector belongs to a codebook of size 32. The codebook is defined as  
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. The weight vector applied by the UE in each slot is determined by a UE algorithm.

For a practical algorithm, the UE has no direct knowledge of the channel impulse response of the different transmit and receive antenna pairs. Instead it has to estimate which weight vector that gives the best performance. The estimate must be based on readily available information, such as the TPC commands.  Studies are limit to the following method:

1) Every 6 time slots (4 ms) the UE transmitter applies a new weight vector. 

2) TPC commands are accumulated over the evaluation period, defined as the time between two consecutive weight vector changes. The default evaluation period is 6 slots.

3) The new weight vector is selected by adding 
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 to the codebook index 
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 used in the previous period. The UE is furthermore assumed to store the direction that the weight vector was updated with at the previous change. If the accumulated TPC commands suggest less transmitted power (number of down commands > number of up commands), the direction is kept otherwise it is changed.

This algorithm is basically characterized by two parameters; the codebook size and the evaluation period (the time between two consecutive weight vector changes).

3.1. UE Mean TX Power Gains
This section shows relative terminal TX power gains (a positive value means less TX power). The reference case is a single TX antenna setup with a 3-slot channel estimator. Genie scheme includes optimal set of Tx weights. The simulations are performed for uncorrelated channels.
The number of used Tx weights is equal to 32.

Table 2 UE Mean TX Power Gains
	
	gain over reference  [dB]
	gain over genie  [dB]

	PA 3
	0.37
	-2.84

	VA 3
	0.01
	-1.67

	VA 30
	0.05
	-1.44


3.2. NodeB Mean RX Ec/N0 Gains
This section shows relative RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference). Again, the reference case is a single TX antenna setup with a 3-slot channel estimator. Genie scheme includes optimal set of Tx weights. The simulations are performed for uncorrelated channels
The number of used Tx weights is equal to 32.

Table 3 NodeB Mean RX Ec/N0 Gains
	
	gain over reference  [dB]
	gain over genie  [dB]

	PA 3
	0.1
	-0

	VA 3
	-0.17
	-0.07

	VA 30
	-0.01
	-0.01


4. Varying the number of Tx weights

The practical scheme presented in the previous section is directly defined in [3]. However, small modifications of the algorithm show significant differences in algorithm performance. We experiment with varying the number of transmission weights used for phase adjustment on the second Tx antenna. The results for the PA3 & uncorrelated channels are presented in Figure 1. 
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Figure 1 Practical scheme performance as a function of applied Tx weights number  for PA3. 
The results show that the number of 8 Tx weights is preferred – that is giving more than 1.1 dB gain.
The justification of the inferior behaviour for a high number of weights is probably that the phase differences between consecutive weights are too small to keep up with the changes of the channel profiles.

For a low number of weights, the transmission is not efficient, because phase adjustments are too coarse; also, distorted TPC commands result in applying weights that are far from optimal.
4.1. UE Mean TX Power Gains

This section presents relative terminal TX power gains. The reference case is a single TX antenna setup with a 3-slot channel estimator. Genie scheme includes optimal set of Tx weights.   

In comparison to results presented in 3.1 the number of applied Tx weights now equals 8.
Table 4 UE Mean TX Power Gains
	
	gain over reference  [dB]
	gain over genie [dB]

	PA 3
	1.14
	-2.07

	VA 3
	0.42
	-1.26

	VA 30
	-0.22
	-1.71


4.2. NodeB Mean RX Ec/N0 Gains

This section shows relative RX Ec/N0 power gains. The reference case is a single TX antenna setup with a 3-slot channel estimator. Genie scheme includes optimal set of Tx weights.   

In comparison to results presented in 3.2 the number of applied Tx weights now equals 8. 
Table 5 NodeB Mean RX Ec/N0 Gains
	
	gain over reference  [dB]
	gain over genie  [dB]

	PA 3
	-0.4
	-0.6

	VA 3
	-0.26
	-0.16

	VA 30
	-0.29
	-0.27


5. Varying the period between weights updates
5.1. UE Mean TX Power Gains
This section presents relative terminal TX power gains. The reference case is a single TX antenna setup with a 3-slot channel estimator. In comparison to results presented in 3.1 and 4.1 the period of time between applying new Tx weights is varied from 3 to 60 slots ( 3 , 6, 15 , 30 , 60). The simulations are performed for PA3 for uncorrelated channels.
Table 6 UE Mean TX Power Gains for PA3.
	
	gain over reference  [dB]

	weight update every

[slots]
	8 Tx weights
	32 Tx weights

	3
	0.51
	0.41

	6 (default)
	1.14
	0.37

	15
	0.75
	0.05

	30
	0.27
	-0.15

	60
	0.03
	-0.05


5.2. NodeB Mean RX Ec/N0 Gains

This section shows relative RX Ec/N0 power gains. The reference case is a single TX antenna setup with a 3-slot channel estimator. In comparison to results presented in 3.2 and 4.2 the period of time between applying  new Tx weights is varied from 3 to 60 slots ( 3 , 6, 15 , 30 , 60).
Table 7 NodeB Mean RX Ec/N0 Gains for PA3.
	
	gain over reference  [dB]

	weight update every

[slots]
	8 Tx weights
	32 Tx weights

	3
	-1.02
	0

	              6 (default)
	-0.4
	0.1

	15
	-0.2
	0

	30
	0
	0

	60
	0
	0


6. Antenna imbalance impact

This section presents antenna imbalance impact on the link performance for practical beamforming scheme. The scheme includes 6 slots period between Tx weights update.  The number of used Tx weights is equal 8. The simulations are performed for uncorrelated channels.

6.1. UE Mean TX Power Gains

This section presents relative terminal TX power gains. The reference case is a single TX antenna setup with a 3-slot channel estimator.
Table 8 UE Mean TX Power Gains for antenna imbalance.
	
	Antenna Imbalance [dB] / Gains [dB]

	
	-6
	-3
	0

	PA3
	-1.26
	0.01
	1.14

	VA3
	-1.84
	-0.95
	0.42

	VA30
	-2.19
	-1.46
	-0.22


6.2. NodeB Mean RX Ec/N0 Gains

This section shows relative RX Ec/N0 power gains. The reference case is a single TX antenna setup with a 3-slot channel estimator.     

Table 9 NodeB Mean RX Ec/N0 Gains for antenna imbalance.
	
	Antenna Imbalance [dB] / Gains [dB]

	
	-6
	-3
	0

	PA3
	-0.4
	-0.3
	-0.4

	VA3
	-0.17
	-0.25
	-0.26

	VA30
	0.23
	-0.25
	-0.29


7. Tx Antenna correlation impact

This section presents Tx antenna correlation impact on the link performance for practical beamforming scheme. The scheme includes 6 slots period between Tx weights update. The number of used Tx weights is equal 8. 

7.1. UE Mean TX Power Gains

This section presents relative terminal TX power gains. The reference case is a single TX antenna setup with a 3-slot channel estimator.
Table 10 UE Mean TX Power Gains for different correlations.
	
	Correlation / Gains [dB]

	
	0%
	30%
	70%

	PA3
	1.14
	1.22
	1.54

	VA3
	0.42
	0.33
	0.8

	VA30
	-0.22
	0.13
	0.98


7.2. NodeB Mean RX Ec/N0 Gains

This section shows relative RX Ec/N0 power gains. The reference case is a single TX antenna setup with a 3-slot channel estimator.     

Table 11 NodeB Mean RX Ec/N0 Gains for different correlations.

	
	Correlation / Gains [dB]

	
	0%
	30%
	70%

	PA3
	-0.4
	-0.5
	-0.5

	VA3
	-0.26
	-0.5
	-0.72

	VA30
	-0.29
	-0.15
	-0.14


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

· Link performance is dependent on the number of Tx weighs. The preferred value, for low-speed channels, appears to be 8; in the VA30 channel this still leads to TX Ec/N0 loss of 0.22dB even with balanced antennas.
· For the simulated scenarios, some gains are observed at pedestrian UE speeds; no gains are observed for the VA30 channel with balanced antennas.
· The weight application period of 6 slots seems to be a good choice for PA3.
· In the presence of -3 dB antenna imbalance the UE Tx power shows no gain for PA3 and 1.5 dB loss for VA30. In the presence of -6 dB antenna imbalance the practical scheme shows UE Tx power losses from 1.26dB for PA3 to 2.2dB for VA30.
· For balanced antennas, Tx antenna correlation shows Tx Power gains for all simulated environments for 30% correlation; for 70% correlation gains are increased. For PA3 gain increases up to 1.5 dB and for VA30 up to 1 dB. For all cases the Rx Ec/N0 levels are higher than in the reference case.
It should be noted that the simulations assume perfect knowledge of path timing as well as perfect finger allocations in the receiver. In practice, some loss should be expected due to imperfections, esp. the delay associated with finger allocation to channel taps.
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