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1
Introduction

In [5], an alternate implementation (also referred to as symmetrical implementation) of the Reference Practical BFTD Algorithm 2 in CELL_DCH as described in [1], was proposed to ensure minimal impact to NodeB receivers that utilize non-causal channel estimation. In this contribution, we perform a link analysis of this implementation assuming non-causal channel estimation at the NodeB receiver. 
2
Simulation Assumptions
The parameters for the Practical BFTD Algorithm 2 in CELL_DCH as described in [1] are set to 
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 degree. Two phase shifters are assumed to be used at the UE transmitter side according to the symmetrical implementation of the algorithm.The other simulation assumptions are shown in the Table 1 (the correlation and imbalance modelling are summarized in the Appendix).

Table 1: Open Loop Beamforming Transmit Diversity Link-Level Simulation Parameters

	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	20*log10(βed/βc) [dB]
	9 

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	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
	Three slot averaging (Non-Causal Filter)

	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
	AWGN, PA3, VA30

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	+3, 0, -3, -6

	UE Tx Antenna Correlation
	0.0, 0.3, 0.7

	UE DTX
	OFF


3
Link Simulation Results
The following metrics are used in the performance evaluation of the algorithm, where

· Rx Ecp/No Loss = Rx Ecp/NoOLTD_BF – Rx Ecp/NoNoTD 

· Tx Ecp/No Gain = Tx Ecp/NoNoTD – Tx Ecp/NoOLTD_BF 

Table 2 shows the link simulation results with transmit antenna correlation =0 and varying transmit antenna imbalance, where the the transmit antenna imbalance is the relative power of the secondary antenna with respect to the first antenna.
Table 2: Link Result for an Open Loop Beamforming Algorithm with Transmit Antenna Correlation = 0

	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

	Imbalance (dB)
	3
	0
	-3
	-6
	3
	0
	-3
	-6

	AWGN
	0.1
	0.1
	0.1
	0.1
	4.3
	2.7
	1.3
	0.2

	PA3
	0.3
	0.3
	0.3
	0.3
	3.8
	2.2
	0.8
	-0.4

	VA30
	0.4
	0.4
	0.4
	0.4
	1.6
	-0.2
	-1.4
	-2.3


Table 3 shows the link simulation results with transmit antenna correlation =  0.3.
Table 3: Link Result for an Open Loop Beamforming Algorithm with Tx Correlation 0.3

	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

	Imbalance (dB)
	3
	0
	-3
	-6
	3
	0
	-3
	-6

	PA3
	0.3
	0.2
	0.3
	0.3
	3.9
	2.3
	0.8
	-0.3

	VA30
	0.2
	0.3
	0.2
	0.3
	2.5
	0.8
	-0.5
	-1.5


Table 4 shows the link simulation results with transmit antenna correlation = 0.7.

Table 4: Link Result for an Open Loop Beamforming Algorithm with Tx Correlation 0.7

	
	Rx Ecp/No LOSS[dB]
	Tx Ecp/No Gain[dB]

	Imbalance (dB)
	3
	0
	-3
	-6
	3
	0
	-3
	-6

	PA3
	0.2
	0.2
	0.1
	0.2
	4.2
	2.5
	1.2
	0

	VA30
	0.1
	0.2
	0.2
	0.2
	3.6
	2.0
	0.6
	-0.5


4
Distribution of Received DPCCH SNR
In Figure 1, we plot the CDF of the received DPCCH SNR at the NodeB antenna input for both non-ULTD and the BFTD scheme under study. As seen from this Figure, the distributions match each other thereby suggesting that the NodeB receiver impact should be minimal due to the beamforming operation.
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Figure 1: CDF of Rx DPCCH SNR, PA3 channel
5
Conclusions

Based on Tables 2 and 3, 4, we observe the following:
· With the new beamforming implementation at UE transmitter, Rx SNR loss has reduced considerably compared to the results shown in [6]
· The transmit power gains increases with antenna imbalance

· A non-trivial gain of 2.2 dB was observed for the PA3 channel with 0dB imbalance.

· PA3, AWGN show much more gains than the VA30 channel.

· Non-zero transmit antenna correlation does help improve the transmit power gain performance in VA30 channel.

· High transmit antenna correlation does help improve the transmit power gain performance in PA3 channel

It was also shown that there is  very small difference in the distribution of the received DPCCH SNR between the baseline (non-ULTD) case and the symmetrical implementation of the BFTD case.

Hence we conclude that the symmetric implementation of the BFTD algorithm [1] is a very promising ULTD scheme to help achieve significant UE transmit power reduction while causing a non-significant loss to the NodeB receiver demodulation performance.
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Annex: Modelling Antenna Correlating and Imbalance

Transmit antenna correlation and antenna imbalance are modelled as follows:

Case 1: Antenna Imbalance = 0; Transmit antenna correlation = 
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The basic Kronecker model of the channel
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where 
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are the transmit and receive correlation matrices where
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is the transmit antenna correlation.
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Case 2: Antenna Imbalance = 
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; Transmit antenna correlation = 
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The basic Kronecker model of the channel
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where 
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are the transmit and receive correlation matrices where
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is the transmit antenna correlation.
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and 
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 is the antenna imbalance matrix where
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is the antenna imbalance.

Note that antenna imbalance is the relative power of the secondary antenna with respect to the first antenna.
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