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1
Introduction
In this contribution, we evaluate the performance improvement of beam-forming transmit diversity applied to HSUPA. Link level simulation results comparing the coverage gain of genie beam-forming with practical beam-forming are presented. The baseline assumptions for simulations were presented in [1]. The practical beamforming algorithm is based in the reference in [2].
2
Simulation Assumptions and Settings
The link level simulation assumptions are listed in Table 1.
Table 1: Beam-forming 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
	Realistic

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	OFF

	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
	Rake Receiver

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

	UE Tx Antenna Correlation
	0.0

	UE DTX
	OFF


3
Simulation Results
The following practical beam-forming algorithm is described in [2]:

For enhancing the clarity, we have modified the description of the previously published practical beam-forming algorithm

1. Swap Step 3 and 4

2. Add new information about TPC commands in Step 3: (TPC1 and TPC2 correspond to slot (1,2),(3,4), .., (i*2-1, i*2)
3. Parameter values:
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The following describes the practical beam-forming algorithm in detail:
· Magnolia algorithm (R1-100589) with 2 half-power power amplifiers
· The algorithm is based on the combined TPC (but other alternatives can also be studied).

· The algorithm is reproduced in the following:
Let the TPC command DOWN be represented by -1 and the TPC command UP by +1. 

1. Initial relative phase between two transmitters 
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for the first slot (#1 slot).
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is kept zero until two TPC commands become available to the UE.

2. Apply relative phase for the next slot 
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3. Determine new relative phase:(TPC1 and TPC2 correspond to slot (1,2),(3,4), .., (i*2-1, i*2), where i=1 to n)

a. if TPC1>TPC2, 
[image: image5.wmf]e

j

j

+

D

=

D


b. if TPC2>TPC1, 
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c. otherwise, no change

4. Apply relative phase for the next slot  
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Go to step 2

As we know, the far field pattern depending on the frequency and the results observed from different UEs can show very different behavior. For an individual UE and frequency the short term antenna imbalance (i.e. the “standard deviation” of a hypothetical normal distribution) is assumed to be within 3dB.

In this contribution, we analyzed the cases of +3 dB, 0 dB and -3 dB power imbalance.
Table 2: Summary of gains for genie and practical beam-forming algorithm
	Imbalance 3dB
	Genie
	Practical

	Channel
	Rx Ec/No [dB]
	Tx Ec/No [dB]
	Rx Ec/No [dB]
	Tx Ec/No [dB]

	PA3
	-0.1
	4.6
	-1.0
	1.8

	VA30
	-0.2
	2.8
	-1.0
	1.0


Table 3: Summary of gains for genie and practical beam-forming algorithm  
	Imbalance -3dB
	Genie
	Practical

	Channel
	Rx Ec/No [dB]
	Tx Ec/No [dB]
	Rx Ec/No [dB]
	Tx Ec/No [dB]

	PA3
	-0.1
	1.6
	-1.0
	-1.2

	VA30
	-0.2
	-0.2
	-1.0
	-2.0


Table 4: Summary of gains for genie and practical beam-forming algorithm
	Imbalance 0dB
	Genie
	Practical

	Channel
	Rx Ec/No [dB]
	Tx Ec/No [dB]
	Rx Ec/No [dB]
	Tx Ec/No [dB]

	PA3
	-0.1
	2.8
	-1.0
	0.0

	VA30
	-0.2
	1.0
	-1.0
	-0.8


4
Conclusions

In this document, the simulation results show promising transmit power gains for a genie beam-forming algorithm, with a slight degradation of the received SNR. 
For the practical algorithm however, the deterioration of the received Ec/No is quite important.
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