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1. Introduction

In previous meetings, the precoding form in UE was discussed and two different beamforming implementation schemes, asymmetric or symmetric beamforming, were evaluated in [2]. In this contribution, we also give some evaluations about beamforming implementation designs of closed loop uplink transmit diversity.
2. Discussion
The DPCCH is pre-coded using the same pre-coding vector as other physical channels, and the secondary DPCCH is instead pre-coded with the orthogonal pre-coding vector. The beamforming weight matrix is as the following formula.
The UE utilize the beamforming weight matrix 
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Where 
[image: image2.wmf]1

a

, 
[image: image3.wmf]2

a

are the normalized amplitude and
[image: image4.wmf]1

2

2

2

1

=

+

a

a

, in this paper 
[image: image5.wmf]2

1

2

1

=

=

a

a

 is discussed as an example.
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Figure 1: The pre-coded pilot structure for UL CLTD
2.1
Asymmetric beamforming
In asymmetric beamforming implementation, the phase of the transmit signal from the first antenna is kept constant and the relative phase is applied only to the transmit signal from the second antenna. 
If beamforming phase in UE is 
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, the phase of two transmit antenna is 
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. So channels are pre-coded with the following weights.
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2.2
Symmetric beamforming
In symmetric beamforming implementation, half of the relative phase is applied to the transmit signal from the first antenna and the other half of the relative phase is applied with an opposite sign to the transmit signal from the second antenna.
If a UE receives the beamforming phase 
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 are further applied at two UE transmit antennas.
For example, let the original set of 
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2.3 Enhanced symmetric beamforming 
In asymmetric beamforming implementation, 
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 have different effect. In [2] enhanced symmetric beamforming was given and defined an expanded set of quantization phases from 
[image: image31.wmf]}

1

,...,

0

,

{

0

-

=

+

Î

D

N

k

k

q

q

q

 to 
[image: image32.wmf]}

2

}

1

,...,

0

,

{

}

1

,...,

0

,

{

0

0

p

q

q

q

q

q

-

-

=

+

-

=

+

Î

D

D

N

k

k

N

k

k

U

. 
[image: image33.wmf]2

1

q

q

-

=

 and 
[image: image34.wmf]2

2

q

q

=

 are further applied at two UE transmit antennas.
The UE receives the feedback beamforming phase
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The final beamforming phase 
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 for slot n+1 is described as following algorithm [2], which shall be calculated in both Node B and UE:
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For example, let the original set of 
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. The UE receives the feedback beamforming phase
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2.4 Channel Synthesis 

In the pre-coded pilot scheme a received pilot symbol is 
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, where p is the transmitted pilot symbol, H is channel matrix, w is the pre-coding vector, and n is the thermal noise in a symbol. Channel synthesis firstly removes the precoding w the UE used which is informed by Node B. The equation for the compensated received signal is then:
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From this compensated signal the pure channel matrix H can then be estimated.
3. Assumptions and Results
Table 1 shows the assumptions that used in the simulations.
Table 1 link level simulation parameters
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	TBS2020: QPSK

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

	20*log10(βed/βc) [dB]
	TBS2020: 9

	20*log10(βec/βc) [dB]
	TBS2020: 2

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	0

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	TBS2020: 1 % Residual BLER after 4 H-ARQ attempts

	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)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Compensation of phase discontinuity
	Channel Synthesis / Enhanced Symmetric Beamforming

	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, VA30

	NodeB Receiver Type
	TBS2020: RAKE 

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size
	4

	CLTD Feedback Error Rate
	Ideal, 2%, 4%

	CLTD Feedback Update Rate
	3 slot

	CLTD Feedback Delay
	3 slot

	CLTD Feedback Scheme
	absolute


Tables 2 – Table 4 show the performance of closed loop transmit diversity (CLTD) for different beamforming implementations, and also compared with the gains of channel synthesis.
Table 2:  Tx Ec/No and Rx Ec/No gains for asymmetric and symmetric beamforming, ideal PCI error rate
	

	Asymmetric 
	Symmetric 
	Enhanced symmetric 
	Asymmetric + channel synthesis
	Symmetric + channel synthesis
	Enhanced symmetric + channel synthesis

	PA3
	Rx Gain[dB]
	-0.36 
	-0.57 
	-0.26 
	-0.10 
	-0.09 
	-0.08 

	
	Tx Gain[dB]
	1.87 
	1.69 
	1.90 
	2.16 
	2.16 
	2.16 

	VA30
	Rx Gain[dB]
	-0.10 
	-0.14 
	-0.08 
	-0.04 
	-0.04 
	-0.04 

	
	Tx Gain[dB]
	0.03 
	-0.19 
	0.28 
	0.80 
	0.81 
	0.80 


Table 3:  Tx Ec/No and Rx Ec/No gains for asymmetric and symmetric beamforming, 2% PCI error rate
	

	Asymmetric 
	Symmetric 
	Enhanced symmetric 
	Asymmetric + channel synthesis
	Symmetric + channel synthesis
	Enhanced symmetric + channel synthesis

	PA3
	Rx Gain[dB]
	-0.62 
	-0.65 
	-0.32 
	-0.28 
	-0.14 
	-0.29 

	
	Tx Gain[dB]
	1.63 
	1.59 
	1.87 
	1.96 
	2.04 
	2.01 

	VA30
	Rx Gain[dB]
	-0.11 
	-0.13 
	-0.10 
	-0.06 
	-0.05 
	-0.05 

	
	Tx Gain[dB]
	-0.05 
	-0.26 
	0.10 
	0.73 
	0.72 
	0.70 


Table 4:  Tx Ec/No and Rx Ec/No gains for asymmetric and symmetric beamforming, 4% PCI error rate
	

	Asymmetric 
	Symmetric 
	Enhanced symmetric 
	Asymmetric + channel synthesis
	Symmetric + channel synthesis
	Enhanced symmetric + channel synthesis

	PA3
	Rx Gain[dB]
	-0.63 
	-0.70 
	-0.42 
	-0.32 
	-0.30 
	-0.29 

	
	Tx Gain[dB]
	1.57 
	1.48 
	1.74 
	1.80 
	1.82 
	1.83 

	VA30
	Rx Gain[dB]
	-0.11 
	-0.14 
	-0.10 
	-0.06 
	-0.06 
	-0.05 

	
	Tx Gain[dB]
	-0.07 
	-0.35 
	0.09 
	0.67 
	0.68 
	0.67 


If channel synthesis is not used:

· With the given PCI error rate (ideal, 2%, 4%), symmetric beamforming has the worst Tx gains and Rx gains, and enhanced symmetric beamforming gets the best Tx and Rx gains. 
· The Tx gain of enhanced symmetric beamforming is not obvious compared with asymmetric beamforming, no larger than 0.24dB. 
If channel synthesis is used:

· There is no major difference of Tx and Rx gains for various channel conditions and PCI error rate. 
Based on the above observations, we could see that channel synthesis can get most advantage over without channel synthesis. In this case, if channel synthesis is applied by Node B, three options of asymmetric, symmetric and enhanced symmetric beamforming schemes have similar gains. Even though channel synthesis is not applied, no distinguishable gain is observed of enhanced symmetric beamforming to asymmetric beamforming. Therefore, we do not see obvious benefits of the introduction of extra beamforming implementation. 
4. Conclusion
In this document we compared the link performance of asymmetric, symmetric and enhanced symmetric beamforming implementations. Based on the results we see no clear advantage for symmetric and enhanced symmetric beamforming implementations. Furthermore, channel synthesis implementation can largely advantage the performance of CLTD scheme. In summary, we have the following proposal:
Proposal: Asymmetric beamforming implementation is adopted for CLTD transmitter structure. 
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