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1. Introduction

The “enhanced symmetric” beamforming implementation is described in [1]. It is reported to offer gains over the asymmetric implementation with channel synthesis. On the other hand, the results provided in [2] do not confirm this finding.

In this document, we provide further simulation results on this matter and observe that asymmetric beamforming combined with channel synthesis outperforms the implementations that do not take advantage of channel synthesis. The enhanced symmetric implementation aims to reduce the impact of phase jumps towards the receiver, however, it should be noted that this is dependent on receiver processing, for example the channel estimation method.

Based on the simulation results, we propose that asymmetric beamforming is adopted.

2. Simulation Results

The following implementation options are compared:

· Asymmetric beamforming with channel synthesis.

· Asymmetric beamforming, no channel synthesis.

· Symmetric beamforming, no channel synthesis.

· Enhanced symmetric beamforming, no channel synthesis.

A 4-entry phase-only codebook is used, with the beamforming angle selected from {45º, 135º, 225º, 315º}.

The following subsections include simulation results for slot- and TTI-wise update rates. TX Ec/N0 gains over the single antenna transmission are shown; those corresponding to RX Ec/N0 follow similar trends and can be found in an Annex.

2.1. Slot-wise PCI update

[image: image1.emf]-1 0 1 2 3 4 5 6 7 8 9

-1.5

-1

-0.5

0

0.5

1

1.5

2

2.5

3

Feedback bit error rate, %

TX Ec/N0 gain, dB

PA3 channel

 

 

Asymmetric (ch. syn.)

Asymmetric (no ch. syn.)

Symmetric (no ch. syn.)

Enh. symmetric (no ch. syn.)

[image: image2.emf]-1 0 1 2 3 4 5 6 7 8 9

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

Feedback bit error rate, %

TX Ec/N0 gain, dB

VA30 channel

 

 

Asymmetric (ch. syn.)

Asymmetric (no ch. syn.)

Symmetric (no ch. syn.)

Enh. symmetric (no ch. syn.)


Figure 1. TX Ec/N0 gains for different beamforming implementation options, slot-wise PCI update period.

2.2. TTI-wise PCI update
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Figure 2. TX Ec/N0 gains for different beamforming implementation options, TTI-wise PCI update period.

2.3. Observations

For the simulated scenario, we observe that asymmetric beamforming with channel synthesis offers improved performance over the remaining options, including enhanced symmetric beamforming.

3. Conclusion

The following beamforming implementation options were compared:

· Asymmetric beamforming with channel synthesis.

· Asymmetric beamforming, no channel synthesis.

· Symmetric beamforming, no channel synthesis.

· Enhanced symmetric beamforming, no channel synthesis.

We found the asymmetric beamforming with channel synthesis to offer improved performance over the remaining options, including enhanced symmetric beamforming. Thus, we propose to adopt the asymmetric beamforming solution.

Annex A:
Simulation Assumptions
Table 1. Simulation assumptions for simulations of different beamforming schemes

	Parameter
	Value

	Physical channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020, QPSK (1.01 Mbps)

	Number of physical data channels and spreading factor
	TBS 2020: 2xSF2

	20*log10(βed/βc) [dB]
referenced to 1xSF4
	9

	20*log10(βec/βc) [dB]
	TBS 2020: 2

	20*log10(βc2/βc1) for Option III [dB]
	0 dB

	Number of H-ARQ processes
	8

	H-ARQ operating point
	1% BLER after 4 attempts

	Residual BLER
	1%

	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%

	Number of TX weights
	4

	TX weight vector signaling scheme
	Absolute

	TX weight vector feedback error rate
	0% -8% per bit error rates

	TX weight vector update frequency
	1 slot, 1 TTI

	Pilot precoding scheme
	Precoded pilots

	Phase discontinuity compensation for MIMO channel estimation
	Channel synthesis, no channel synthesis

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	Rake, 2 RX antennas

	Antenna imbalance [dB]
	0

	UE DTX
	OFF

	Soft Handover
	OFF


Annex B:
RX Ec/N0 Results
Slot-wise PCI update
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Figure 3. RX Ec/N0 gains for different beamforming implementation options, slot-wise PCI update period.

TTI-wise PCI update
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Figure 4. RX Ec/N0 gains for different beamforming implementation options, TTI-wise PCI update period.
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