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1. Introduction
A Study Item on uplink transmit diversity for HSUPA was approved at RAN#45 and contribution [1] contains initial discussion of UL Tx Div concepts. This contribution presents simulation results of UL beamforming. Based on the simulations, we observe UE TX power gains between 1.5 and 3.5 dB, depending on the channel multipath diversity. 
2. Link level simulation assumptions

This section presents major assumptions, based on the document [2]. Any deviations from the agreed parameters will be described separately.
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2ms TTI: 2020

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

	20*log10(βed/βc) [dB]
	2ms TTI TBS2020: 9

	20*log10(βec/βc) [dB]
	2ms TTI: 2

	Number of H-ARQ Processes
	2ms TTI: 8

	Target Number of H-ARQ Transmissions
	2ms TTI: 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, 1 slot and 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%

	Propagation Channel
	AWGN, PA3, VA3, VA30,
VA120

	NodeB Receiver Type
	Rake Receiver

	Long term antenna imbalance [dB]
	0

	Short-term antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0, 0.3, 0.7

	UE DTX
	OFF


3. Uplink Open Loop Beam Forming: Genie
This section provides results of UL beamforming corresponding to the ‘genie’ approach TX2a [2]. Simulations were performed using the following additional assumptions:

· A set of 8 antenna phase weights.
· Every time slot (0.667 ms) k, the UE transmitter applies a weight vector 
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 in the previous slot is maximized.
· Transmit power is equal for each antenna branch on the UE and there is one power control loop.
· The base station receiver algorithm is unchanged, compared to the reference 1 TX antenna case.
· Following a beamforming weight adjustment, the TX power is set to the same level as used just before the switch (plus an adjustment dictated by the PC command).

3.1. UE Mean TX Power Gains
This section shows relative terminal TX power gains (a positive value means less TX power). The reference case is a single TX antenna setup with a 3-slot channel estimator.

In the case of TX diversity, we simulate 1-slot and 3-slot channel estimation options. This is motivated by the fact that 3-slot averaging may be adversely affected by changes in beamforming weights. However, based on the results, it is clear that 3-slot rather than 1-slot channel estimation performs better.

In the Pedestrian A channel, we observe gains of approximately 3.5 dB, compared to the reference case. For the Vehicular A channel, which contains more multipath diversity, gains of 1.5-2.5 dB can be observed, depending on the antenna correlation.
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Figure 1  UE TX power gains.
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Figure 2  UE TX power gains.
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Figure 3  UE TX power gains.
3.2. NodeB Mean RX Ec/N0 Gains
This section shows relative RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference). Again, the reference case is a single TX antenna setup with a 3-slot channel estimator.
As can be observed, for the 3-slot channel estimation option, the RX Ec/N0 is practically unchanged, compared to the reference case.
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Figure 4 RX Ec/N0 gains.
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Figure 5 RX Ec/N0 gains.
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Figure 6 RX Ec/N0 gains.
4. Conclusion

Based on the simulation results, we can conclude that for genie aided beam forming uplink transmit diversity:

· 3 slot averaging channel estimation is superior to 1-slot channel estimation with beamforming.

· UE TX power gains between 1.5 and 3.5 dB are observed, depending on the channel multipath diversity.
· RX Ec/N0 is largely unaffected by beamforming (with 3-slot channel estimation).  
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