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1 General

This document provides updated link simulation results over R1-100604 submitted to RAN1#59bis. The difference is that the forced switching interval was changed from 4 frames to 14 frames, and 100 Hz / 50 Hz / 25 Hz maximum switching frequency was investigated.
2 Simulation algorithms
TX0: No Tx diversity
TX1: Switched antenna diversity

· TX1a: Genie

· Every radio frame / every second radio frame (10ms / 20 ms), the reference UE transmitter makes a decision on whether to switch transmit antennas or not.
· Maximum number of antenna switches per second = 100 / 50
· Transmit Antenna j (j = 0,1)  is selected if 
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 in the previous frame is the maximum (cf. R1-094072).
· TX1b: Practical

· UE has no direct knowledge of the channel impulse response of the different transmit receive antenna pairs

· Every radio frame / every second or fourth radio frame (10ms / 20 ms / 40 ms), the UE transmitter makes a decision on whether to switch transmit antennas or not.

· Maximum number of antenna switches per second = 100 / 50 / 25
· A forced switch is made every 14 frames if performance indicator levels do not trigger the switch.
TX4: Nokia / NSN
· Every radio frame / every second / every fourth radio frame (10 ms / 20 ms / 40 ms) the last known performance indicator of each antenna is used to select the preferred antenna. 
· Maximum number of antenna switches per second = 100 / 50 / 25
· A forced switch is made every 14 frames if performance indicator levels do not trigger the switch.
A more detailed algorithm descriptions for the TX1a “Genie”, TX1b and TX2b algorithms can be found in [1].

3 Simulation assumptions

	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,

	NodeB Receiver Type
	Rake Receiver

	antenna imbalance [dB]
	-6, -3, 0, +3

	UE Tx Antenna Correlation
	0, 0.3, 0.7

	UE DTX
	OFF

	Forced switching interval
	14 frames

	Max switch rate
	100 Hz / 50 Hz / 25 Hz


4 Link level results

This section shows relative TX Ec/No gains (a positive value means less TX power compared to reference) and RX Ec/N0 gains (positive value indicates smaller RX Ec/N0 compared to reference). The reference case is a single TX antenna setup.

4.1 Results with No Imbalance and No Correlation

Table 1: No antenna imbalance, no antenna correlation

	
	Maximum switching frequency

	
	100 Hz
	50 Hz
	25 Hz

	Scheme
	Channel
	Rx Ec/No gain
	Tx Ec/No gain
	Rx Ec/No gain
	Tx Ec/No gain
	Rx Ec/No gain
	Tx Ec/No gain

	Tx1a "Genie"
	PA3
	0.00
	2.56
	-0.10
	2.35
	-0.20
	1.67

	
	VA3
	-0.10
	1.19
	-0.10
	1.08
	-0.10
	0.85

	
	VA30
	-0.21
	0.23
	-0.15
	0.08
	-0.07
	0.06

	Tx1b
	PA3
	-0.40
	1.03
	-0.30
	0.76
	-0.20
	0.22

	
	VA3
	-0.20
	0.38
	-0.10
	0.21
	-0.10
	0.09

	
	VA30
	-0.08
	-0.02
	-0.04
	0.00
	0.05
	0.05

	Tx4
	PA3
	-0.20
	1.25
	-0.10
	0.75
	-0.10
	0.39

	
	VA3
	-0.20
	0.40
	0.00
	0.24
	-0.10
	0.15

	
	VA30
	-0.03
	0.00
	0.03
	0.05
	-0.01
	-0.03


4.2 Results with Antenna Imbalance
Table 2: Antenna imbalance -3 dB

	
	100 Hz max switching frequency
	50 Hz max switching frequency

	Scheme
	Channel
	Rx Ec/No gain
	Tx Ec/No gain
	Rx Ec/No gain
	Tx Ec/No gain

	Tx1a "Genie"
	PA3
	-0.10
	1.22
	0.00
	1.08

	
	VA3
	-0.10
	0.21
	-0.10
	0.13

	
	VA30
	-0.15
	-0.39
	-0.04
	-0.45

	Tx1b
	PA3
	-0.40
	-0.09
	-0.40
	-0.70

	
	VA3
	-0.26
	-0.66
	-0.10
	-0.73

	
	VA30
	-0.08
	-0.69
	-0.08
	-0.80

	Tx4
	PA3
	-0.30
	-0.10
	-0.20
	-0.60

	
	VA3
	-0.20
	-0.61
	-0.10
	-0.87

	
	VA30
	-0.04
	-0.77
	-0.01
	-0.83


Table 3: Antenna imbalance -6 dB

	
	100 Hz max switching frequency
	50 Hz max switching frequency

	Scheme
	Channel
	Rx Ec/No gain
	Tx Ec/No gain
	Rx Ec/No gain
	Tx Ec/No gain

	Tx1a "Genie"
	PA3
	0.00
	0.43
	-0.10
	0.23

	
	VA3
	0.00
	-0.02
	0.00
	-0.03

	
	VA30
	-0.05
	-0.16
	-0.06
	-0.21

	Tx1b
	PA3
	-0.70
	-1.25
	-0.40
	-1.61

	
	VA3
	-0.38
	-0.94
	-0.29
	-1.19

	
	VA30
	-0.41
	-1.03
	-0.24
	-1.17

	Tx4
	PA3
	-0.30
	-0.96
	-0.20
	-1.43

	
	VA3
	-0.26
	-0.86
	-0.20
	-1.09

	
	VA30
	-0.17
	-0.87
	-0.13
	-0.91


Table 4: Antenna imbalance +3 dB

	
	100 Hz max switching frequency
	50 Hz max switching frequency

	Scheme
	Channel
	Rx Ec/No gain
	Tx Ec/No gain
	Rx Ec/No gain
	Tx Ec/No gain

	Tx1a "Genie"
	PA3
	0.00
	4.37
	-0.10
	4.14

	
	VA3
	-0.10
	3.23
	0.00
	3.23

	
	VA30
	-0.11
	2.67
	-0.07
	2.58

	Tx1b
	PA3
	-0.40
	2.93
	-0.30
	2.46

	
	VA3
	-0.22
	2.41
	-0.10
	2.24

	
	VA30
	-0.10
	2.23
	-0.04
	2.31

	Tx4
	PA3
	-0.20
	3.02
	-0.10
	2.48

	
	VA3
	-0.20
	2.43
	-0.10
	2.31

	
	VA30
	-0.04
	2.27
	-0.04
	2.09


4.3 Results with Antenna Correlation
Table 5: Tx antenna correlation 0.3

	
	100 Hz max switching frequency
	50 Hz max switching frequency

	Scheme
	Channel
	Rx Ec/No gain
	Tx Ec/No gain
	Rx Ec/No gain
	Tx Ec/No gain

	Tx1a ”Genie”
	PA3
	0.00
	2.51
	0.00
	2.28

	
	VA3
	0.00
	1.23
	-0.10
	1.08

	
	VA30
	-0.17
	0.25
	-0.13
	0.07

	Tx1b
	PA3
	-0.30
	1.21
	-0.20
	0.68

	
	VA3
	-0.10
	0.34
	-0.10
	0.24

	
	VA30
	-0.11
	-0.05
	-0.08
	-0.08

	Tx4
	PA3
	-0.10
	1.29
	-0.10
	0.73

	
	VA3
	-0.10
	0.38
	-0.10
	0.27

	
	VA30
	-0.01
	0.02
	0.07
	0.08


Table 6: Tx antenna correlation 0.7

	
	100 Hz max switching frequency
	50 Hz max switching frequency

	Scheme
	Channel
	Rx Ec/No gain
	Tx Ec/No gain
	Rx Ec/No gain
	Tx Ec/No gain

	Tx1a ”Genie” 
	PA3
	0.00
	1.93
	-0.10
	1.69

	
	VA3
	0.00
	0.94
	0.00
	0.88

	
	VA30
	-0.05
	0.23
	-0.04
	0.09

	Tx1b
	PA3
	-0.20
	0.76
	-0.10
	0.51

	
	VA3
	-0.10
	0.24
	-0.10
	0.15

	
	VA30
	0.02
	0.01
	-0.02
	-0.06

	Tx4
	PA3
	-0.20
	0.74
	0.00
	0.68

	
	VA3
	-0.10
	0.31
	-0.10
	0.10

	
	VA30
	-0.01
	-0.02
	0.00
	-0.01


5 Conclusions

We can make the following observations based on the simulation results:

· In the case of the practical schemes, meaningful gains can be observed only in the non-diverse PA channel profile.
· Gains decreases with lowering of maximum switching frequency, this effect is more visible in practical schemes results.
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