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1. Introduction
This contribution presents simulation results of UL TX antenna diversity practical scheme TX1b and described in [3].
2. Link level simulation assumptions

This section presents major assumptions, based on the document [2].
	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, 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

	Antenna imbalance [dB]
	-6, -3, 0, 3, 6

	UE Tx Antenna Correlation
	0, 0.3, 0.7

	UE DTX
	OFF


3. Algorithm description
The algorithm TX1b description is quoted below after [3]:
1) Let TPC command DOWN be represented by -1 and TPC command UP by +1. Then let the UE accumulate all received TPC commands. 

2) At each frame border the accumulated TPC sum is compared with 0. If the sum is larger than 0 the transmit antenna is switched.

3) If the same transmit antenna has been used for 4 consecutive frames the UE automatically switches antenna.

4) Every time an antenna switch occurs the accumulated TPC sum is reset to 0.
4. Link level simulation results
4.1. Tx antenna correlation impact
The following results show the impact of antenna correlation on the practical TX1b scheme. The reference case is a single TX antenna setup. Gain over “Genie” algorithm is also shown.
4.1.1. UE Mean TX power gains
This section shows relative terminal TX power gains (a positive value means less TX power). 
Table 1 – Tx Ec/No gains, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	1.08
	-1.33

	VA3
	0.27
	-0.88

	VA30
	-0.08
	-0.13

	VA120
	-0.04
	-0.04



Table 2 – Tx Ec/No gains, Tx antenna correlation: 0.3
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	1.04
	-1.28

	VA3
	0.33
	-0.77

	VA30
	-0.08
	-0.14

	VA120
	-0.09
	-0.06


Table 3 – Tx Ec/No gains, Tx antenna correlation: 0.7
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	0.79
	-1.02

	VA3
	0.23
	-0.63

	VA30
	-0.01
	-0.10

	VA120
	-0.06
	-0.07


4.1.2. NodeB Mean RX Ec/N0 Gains
This section shows relative RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference). Gain over “Genie” algorithm is also shown.
Table 4 – Rx Ec/No gains, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	-0.70
	-0.70

	VA3
	-0.39
	-0.29

	VA30
	-0.22
	-0.01

	VA120
	-0.08
	0.00


Table 5 – Rx Ec/No gains, Tx antenna correlation: 0.3
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	-0.70
	-0.70

	VA3
	-0.32
	-0.22

	VA30
	-0.17
	0.00

	VA120
	-0.13
	0.00


Table 6 – Rx Ec/No gains, Tx antenna correlation: 0.7
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	-0.40
	-0.40

	VA3
	-0.20
	-0.20

	VA30
	-0.14
	-0.09

	VA120
	-0.15
	-0.08


4.2. Antenna imbalance impact
The following results show the impact of antenna imbalance on the practical TX1b scheme. The reference case is a single TX antenna setup. Gain over “Genie” algorithm is also shown.
4.2.1. UE Mean TX power gains
This section shows relative terminal TX power gains (a positive value means less TX power). 
Table 7 – Tx Ec/No gains, antenna imbalance +6 dB, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	4.03
	-2.48

	VA3
	3.57
	-2.50

	VA30
	3.53
	-2.47

	VA120
	3.62
	-2.44


Table 8 – Tx Ec/No gains, antenna imbalance +3 dB, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	2.58
	-1.64

	VA3
	2.02
	-1.24

	VA30
	1.62
	-1.17

	VA120
	1.77
	-1.13



Table 9 – Tx Ec/No gains, antenna imbalance -3 dB, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	-0.45
	-1.50

	VA3
	-1.02
	-1.32

	VA30
	-1.37
	-1.02

	VA120
	-1.24
	-1.13


Table 10 – Tx Ec/No gains, antenna imbalance -6 dB, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	-2.12
	-2.46

	VA3
	-2.40
	-2.44

	VA30
	-2.53
	-2.45

	VA120
	-2.37
	-2.35


4.2.2. NodeB Mean RX Ec/N0 Gains
This section shows relative RX Ec/N0 power gains (positive value indicates smaller Ec/N0 compared to reference). The reference case is a single TX antenna setup. Gain over “Genie” algorithm is also shown.

Table 11 – Rx Ec/No gains, antenna imbalance 6 dB, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	-1.83
	-1.73

	VA3
	-1.48
	-1.48

	VA30
	-1.27
	-1.27

	VA120
	-1.12
	-1.17


Table 12 – Rx Ec/No gains, antenna imbalance 3 dB, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	-1.01
	-1.01

	VA3
	-0.61
	-0.51

	VA30
	-0.54
	-0.47

	VA120
	-0.37
	-0.32


Table 13 – Rx Ec/No gains, antenna imbalance -3 dB, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	-0.94
	-0.84

	VA3
	-0.61
	-0.61

	VA30
	-0.49
	-0.31

	VA120
	-0.33
	-0.34


Table 14 – Rx Ec/No gains, antenna imbalance -6 dB, no Tx antenna correlation
	Channel
	Gain over reference [dB]
	Gain over Genie [dB]

	PA3
	-1.85
	-1.85

	VA3
	-1.44
	-1.44

	VA30
	-1.27
	-1.23

	VA120
	-1.08
	-1.10


5. Conclusions

In absence of antenna imbalance, we can observe
· A mean TX power gain up to 1 dB in the PA3 channel

· A small mean Tx Power gain in VA3 channel of ~0.3 dB
· A small mean Tx Power loss in channels with higher velocity

· An increase in mean RX Ec/No up to 0.7 dB
· Overall, appreciable TX power gains are only observed in the PA3 channel; moreover, these are offset by the losses in RX Ec/N0.
Antenna imbalance simulation results were also presented. However, one should bear in mind that these only represent a snapshot of the two antenna characteristics
It should be noted that the simulations assume perfect knowledge of path timing as well as perfect finger allocations in the receiver. In practice, some loss should be expected due to imperfections, esp. the delay associated with finger allocation to channel taps.
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