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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 TX antenna diversity. Based on the simulations, we observe UE TX power gains in the range of 1-2.5 dB in slowly varying channels and lesser gains in faster channels.
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
	 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 Switched Antenna Diversity: Genie
This section provides results of UL beamforming corresponding to the ‘genie’ approach TX2a [2]. Simulations were performed using the following additional assumptions [2]:

· Every switching period, Ts, (1 slot, 10ms, 20ms, 40ms) the UE transmitter makes a decision on whether or not to switch transmit antennas.

· Transmit Antenna j (j = 0,1) is selected if 
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 in the timeslot immediately preceding the switching point is maximum, where l enumerates the propagation paths. This is different to the recommendation of [2], where the switching decision is based on measurements corresponding to a whole radio frame.
· The base station receiver algorithm is unchanged, compared to the reference 1 TX antenna case.
· Following an antenna switch, 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, which performs well under all simulated conditions.
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 slowly varying channels, we observe gains of around 2.5 dB (PA at 3km/h) and 1 dB (VA at 3km/h). As the terminal speed increases, gains become very small as the channel state is increasingly likely to diverge, hence the switching decision is less likely to remain optimum.
[image: image2.emf]Antenna Switch Diversity 10ms Correlation 0%

-2

-1,5

-1

-0,5

0

0,5

1

1,5

2

2,5

3

3,5

1 slot 3 slots

CIR Estimation length

mean TxPower gain [dB]

PA

VA3

VA30

VA120


Figure 1  UE TX power gains, Ts= 10ms.
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Figure 2  UE TX power gains, Ts= 10ms.
[image: image4.emf]Antenna Switch Diversity 10ms Correlation 70%

-2

-1,5

-1

-0,5

0

0,5

1

1,5

2

2,5

3

3,5

1 slot 3 slots

CIR Estimation length

mean TxPower gain [dB]

PA

VA3

VA30

VA120


Figure 3  UE TX power gains, Ts= 10ms.
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Figure 4  UE TX power gains, Ts= 1 slot, CIR estimation length = 3 slots.
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Figure 5  UE TX power gains, Ts varies, CIR estimation length = 3 slots.

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 6 RX Ec/N0 gains, Ts= 10ms.
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Figure 7 RX Ec/N0 gains, Ts= 10ms.
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Figure 8 RX Ec/N0 gains, Ts= 10ms.
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Figure 9  RX Ec/N0 gains, Ts varies, CIR estimation length = 3 slots.

4. Conclusion

Based on the simulation results, we can observe that for genie aided switched antenna uplink Tx diversity:

· The 3-slot channel estimator is superior to 1-slot channel estimation with antenna switching in place.
· The genie-aided switched antenna diversity brings TX power gains in the range of 2.5-3 dB at low UE speeds. The gains reduce as the switching period decreases.

· The gains diminish at higher UE speeds, although losses have not been observed.

· The Ec/N0 remains unaffected, perhaps with the exception of 1-slot switching and the VA channel at 120 km/h, where a loss of 0.4 dB is observed.
Annex

In this section we present, for information, the results of beta_ed optimization in a number of channel delay profiles. As can be observed, the selected value of 9 dB falls slightly away from the optimal value, which is around 5 dB.
In the plots below, the switching decision was based on the channel impulse responses averaged over the preceding radio frame.
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Figure 10
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Figure 11
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Figure 12
[image: image16.emf]ASD VA120kmph

-12

-10

-8

-6

-4

-2

0

2

4

6

8

10

0 1 2 3 4 5 6 7 8 9 10

(B_ed/B_c)^2  [dB]

[dB]

ASD VA120 TxPower

ASD VA120 Ec/N0

Ref VA120 TxPower

Ref VA120 Ec/N0


Figure 13
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