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1. Introduction

In RAN#45, a study item [1] was opened to investigate the performance of uplink transmit diversity techniques that do not require any new standardised dynamic feedback signalling between the network and the UE in HSPA. In the previous RAN WG1 #58bis meeting, initial link simulation assumptions as well as a genie reference transmitter for beamforming transmit diversity was agreed upon [2]. In this contribution, we present link simulation results for the genie reference transmitter under the simulation assumptions.
2. Simulation Settings 
A comprehensive set of simulation assumptions was agreed in the previous RAN WG1 meeting [2] for both OL switched antenna transmit diversity as well as for beamforming. The simulation results provided in the next section are a subset of the suite of simulations proposed. The simulation settings that pertain specifically to the results shown are given in Table 1. 
Table 1: Open Loop Transmit Diversity – Beamforming Link Simulation Assumptions
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	Number of physical data channels and spreading factor
	2xSF2

	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
	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

	Long term antenna imbalance [dB]
	0, -6

	Short-term antenna imbalance [dB]
	+3, 0, -3

	UE Tx Antenna Correlation
	0.3 for PA3, VA30
0 for AWGN

	UE DTX
	OFF


2.1. Simulation Metrics

· Received Eb/No

· Transmitted Ec/No
3. 
Simulation Results and Observations
In this section, we present link simulation results for the OL Beamforming Transmit Diversity (BFTD) scheme. The performance of this scheme is compared with a baseline (no transmit diversity). These simulations represent the upper bound on performance of the beamforming scheme since it is assumed that the UE has perfect channel knowledge at the transmitter. Practical beamforming schemes will experience some losses due to inaccurate channel state information at the transmitter, delays and quantization of amplitude and phase information. 
3.1. Simulation Overview
Some additional characteristics of the simulation are
· The beamforming scheme is based on a selection of a precoding weight vector comprising of amplitude and phase that maximizes the SNR at the receiver. The number of bits allocated to the amplitude and phase is 
· 1 bit – amplitude

· The amplitudes used are 
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· 6 bits – phase
· The precoding vector changes at most once every slot.

· Once a precoder is selected, it is applied instantaneously. No additional delays are incurred.
· Precoders are selected so that the received SNR is maximized at the receiver, given perfect knowledge of the channel. 

· The NodeB receiver is completely transparent to the beamforming scheme, i.e., the channel estimation, decoder etc. remain unchanged.

· Antenna imbalance implies that the 2nd Tx antenna has a constant imbalance of  [3, -3] dB when compared to the 1st Tx antenna. For example: a 3dB imbalance implies that the 2nd Tx antenna has 3dB more antenna gain than the 1st Tx antenna. 
· The average transmit Ec/No [dB] at the UE of the transmit diversity scheme is compared with the Tx Ec/No when the UE does not employ any transmit diversity. The transmit Ec/No corresponds to the transmit power at the UE with the path loss and the channel abstracted out. It can be defined as 

Tx Ec/No [dB] = UETransmitPower(for eg. 10dBm) – PathLoss – Noise
3.2. Simulation Results
Table 2 shows the results of the simulations where

· Imbalance corresponds to the combination of Long Term and Short Term Antenna Imbalances. According to the simulations assumptions, the imbalance combinations are [+3, 0 -3, -6, -9].

· Rx Eb/Ntdiff  = Rx Eb/NtBFTD – Rx Eb/NtNoTD 

· Tx Ec/Nodiff  = Tx Ec/NoNoTD – Tx Ec/NoBFTD 

Table 3 shows the corresponding number of antenna switches.

Table 2: Summary of results for Genie Switched Antenna Transmit Diversity

	
	Imbalance  = 3dB
	Imbalance  = 0dB
	Imbalance  = -3dB
	Imbalance  = -6dB
	Imbalance  = -9dB

	Channel
	Rx Eb/Ntdiff [dB]
	Tx Ec/Nodiff [dB]
	Rx Eb/Ntdiff [dB]
	Tx Ec/Nodiff [dB]
	Rx Eb/Ntdiff [dB]
	Tx Ec/Nodiff [dB]
	Rx Eb/Ntdiff [dB]
	Tx Ec/Nodiff [dB]
	Rx Eb/Ntdiff [dB]
	Tx Ec/Nodiff [dB]

	AWGN
	0
	4.73
	0
	2.67
	0.02
	1.7
	0
	0.96
	0
	0.34

	PA3
	0
	5.16
	0
	3.53
	0.02
	2.23
	0
	1.24
	0
	0.43

	VA30
	0.36
	2.64
	0.3
	1.23
	0.08
	0.33
	0.04
	-0.26
	0.02
	-0.6


3.3. Observations

The following observations can be made from Tables 2
· The highest gains are seen for positive imbalances. 

· The gains are significant when the antenna imbalance is +3 and progressively decrease. Gains seen for the 0dB imbalance case stem from the power gains obtained due to the secondary antenna. However, when negative imbalances occur, the amplitudes of the precoder weight vectors favour the primary antenna for the most part thereby reducing the gains.

· PA3 channel affords the most gains amongst the channels simulated

· The gains for the PA3 channel and an imbalance of +3 dB are as high as 5.16dB

· The impact on the NodeB receiver is correlated with the number of antenna switched per second

· The highest impact on the receiver is seen for the VA30 channel and an imbalance of 3dB. The impact seen in this case is 0.36dB.

· It is considered that the impact on the NodeB receiver is not insignificant for fast fading channels.

4. Conclusions

In this contribution, link level simulation results for PA3, PB3 and VA30 channels were shown for OLTD-SNR based Beamforming Scheme for different antenna imbalances. The PA3 channel afforded the most gains although some gains were noticed in all three channel types. The simulations assume perfect knowledge of the channel at the transmitter for precoder selection and should be considered as upper bounds for any practical beamforming scheme. Note that the phase is represented in these simulations by 6 bits and the amplitude is represented by 1 bit, so some quantization effects are incurred. 
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