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1 Introduction
At RAN#45 a study item on open loop uplink transmit diversity was opened. The objective of the study item [1] is to evaluate the performance of uplink transmit diversity techniques that does not require any newly standardized dynamic feedback signaling between the network and UE. During the last three RAN1 working group meetings the merits of such diversity techniques have been evaluated. 
At RAN1#59bis a set of new practical algorithms was proposed. These were summarized in [4]. In addition the related simulation parameters were also modified [3]. This contribution evaluates the performance of the open loop antenna beam forming algorithms under the new set of assumptions.
2 Studied algorithms
This section describes the studied algorithms. Note that these comply with the algorithms described in [2] and [4]. However, for the convenience of the reader the algorithms are reproduced below.
2.1 Genie algorithm

The genie algorithm is specified in [3].
· Every time slot (0.667 ms) k,  the UE transmitter applies an weight vector 
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in the previous slot is maximized.
· Both antennas are equal and always have equal signal power input.
Note that long term and short term antenna imbalances are modelled sequentially and accounted for when evaluating the two antennas. 
2.2 Practical algorithm

The new practical algorithm is described in [4].
Let TPC command DOWN be represented by -1 and TPC command UP by +1. 

1. Initial relative phase between two transmitters 
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for the first slot (#1 slot). 
[image: image4.wmf]e

is kept zero until two TPC commands become available to the UE.

2. Apply relative phase for the next slot 
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3. Determine new relative phase:(TPC1 and TPC2 correspond to slot (1,2),(3,4), .., (i*2-1, i*2), where i=1 to n)

a. if TPC1>TPC2, 
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b. if TPC2>TPC1, 
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c. otherwise, no change

4. Apply relative phase for the next slot  
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Go to step 2
In the algorithm 
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 is 48 degrees while 
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 is 12 degrees. 
3   Simulation Assumptions

Baseline simulation assumptions for the link level evaluations have been specified in [3]. The relevant parameters are given in Table 1 below (these comply with the values specified in [3]). Note that we do not model HS-DPCCH, assume ideal decoding of E-DPCCH and an ideal path searcher.
Table 1 Link level parameters.

	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
	3 slots averaging

	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, 2 Rx antennas

	Antenna Imbalance [dB]
	+3, 0, -3, -6

	UE Tx Antenna Correlation
	0, 0.3

	UE DTX
	OFF


3 Results
This section presents the relative gains associated with the genie and practical beam forming algorithms compared to a reference scheme without uplink transmit diversity. In the tables a positive value indicates that less power is required as compared to the reference case while a negative value instead requires that more power is required.  
From Table 2 it is apparent that the genie beam forming algorithm can reduce the required transmit power with 3.01 dB for the PA3 channel when there is not any antenna imbalance. The corresponding number for the practical algorithm is 1.45 dB. For positive antenna imbalances the reduction in transmit power increases. For negative antenna imbalances the gain reduces and it is noticeable that the practical algorithm typically results in that slightly more transmit power is needed. Focusing on the required power at the receiver instead, it is clear that the genie algorithm does not have any impact on the receiver. However, the practical beam forming algorithm requires 0.17-0.33 dB higher power level at the receiver. This will result in that the noise rise budget is used less efficiently.

For the VA30 channel the gain of beam forming reduces. While the genie algorithm still provides a reduction in Tx Ec/No, the practical algorithm is unable to reduce the required Tx Ec/No. In fact, for negative antenna imbalances a significantly higher power level is needed. 
With respect to the required Rx Ec/No it is clear that practical algorithm requires a power level 0.1-0.24 dB higher than the reference case without transmit diversity. This will result in that the noise rise budget is used less efficiently.
Table 2: Results showing Ec/No relative gains with respect to reference case without Tx diversity for a scenario where there is not any transmit antenna correlation.

	
	Ant. Imb. 0
	Ant. Imb. +3
	Ant. Imb. -3
	Ant. Imb. -6

	
	Relative Rx Ec/N0
	Relative Tx Ec/N0
	Relative Rx Ec/N0
	Relative Tx Ec/N0
	Relative Rx Ec/N0
	Relative Tx Ec/N0
	Relative Rx Ec/N0
	Relative Tx Ec/N0

	AWGN

	Beam Genie
	-0.07
	2.94
	-
	-
	-
	-
	-
	-

	Beam prac
	-0.18
	2.45
	-
	-
	-
	-
	-
	-

	PA3

	Beam Genie
	0.01
	3.01
	0.00
	4.63
	0.00
	1.63
	-0.04
	0.47

	Beam prac
	-0.28
	1.45
	-0.33
	3.09
	-0.33
	0.09
	-0.17
	-0.81

	VA30

	Beam Genie
	-0.03
	1.56
	-0.08
	3.19
	-0.08
	0.19
	0.08
	-0.65

	Beam prac
	-0.24
	-0.08
	-0.12
	1.78
	-0.12
	-1.22
	-0.14
	-2.08


Table 3: Results showing Ec /N0 relative gain to No Tx diversity with 3 slots filtering with transmit antenna correlation.
	
	Tx Corr. 0.0
	Tx Corr. 0.3
	Tx Corr. 0.7

	
	Relative Rx Ec/N0

(-9.67)
	Relative Tx Ec/N0

(-9.08)
	Relative Rx Ec/N0
	Relative Tx Ec/N0
	Relative Rx Ec/N0
	Relative Tx Ec/N0

	PA3

	Beam Genie
	0.01
	3.01
	0.07
	3.11
	0.08
	3.17

	Beam prac
	-0.28
	1.45
	-0.38
	1.56
	-0.26
	2.02

	VA30

	Beam Genie
	-0.03
	1.56
	0.0
	1.75
	-0.01
	2.37

	Beam prac
	-0.24
	-0.08
	-0.25
	0.65
	-0.21
	1.73


Table 3 presents the relative gain in Tx and Rx Ec/N0 with respect to the reference algorithm (without transmit diversity) for varying degrees of transmit antenna correlation. Note that we only consider the scenario where there is not any antenna imbalance. From the table it is evident that the reduction in transmit power arising from the genie and practical beam forming algorithms increases as the transmit antenna correlation increases. It is also noticeable that the gain arising from the increased antenna correlation is larger for the VA30 than for the PA3 channel.
3.1 Sensitivity with respect to the BLER operating point

The evaluations presented above have been performed at an operating point where the residual BLER target after the 4th transmission is 1 percent. In practice, systems generally operate at much smaller BLER targets and typical values are BLER values in the order of 1-10 percent (after the first transmission). In this section we therefore evaluate the relative gain in Tx and Rx Ec/No as a function of the BLER target after the first transmission. Note that the evaluation only is performed for the case where the antenna imbalance is 0 dB.

Table 4 presents the relative gain in Tx Ec/No and Table 5 presents the relative gain in Rx Ec/No as a function of the BLER target.
Table 4: Results showing Tx Ec/No relative gains with respect to reference case without Tx diversity for a scenario without transmit antenna correlation as a function of the BLER after first transmission.

	BLER@ first transmission
	2
	5
	10
	20
	30
	40
	50

	PA3

	Beam Genie
	3.08
	2.94
	3.02
	3.11
	2.89
	3.03
	2.92

	Beam Prac
	1.8
	1.77
	1.79
	1.76
	1.58
	1.61
	1.49

	VA30

	Beam Genie
	1.3
	1.42
	1.35
	1.38
	1.48
	1.43
	1.44

	Beam Prac
	-0.07
	-0.08
	-0.17
	-0.12
	-0.11
	-0.13
	-0.04


Table 5: Results showing Rx Ec/No relative gains with respect to reference case without Tx diversity for a scenario without transmit antenna correlation as a function of the BLER after first transmission.

	BLER@ first transmission
	2
	5
	10
	20
	30
	40
	50

	PA3

	Beam Genie
	0.15
	0.02
	0.08
	0.10
	0.0
	-0.02
	-0.11

	Beam Prac
	-0.16
	-0.12
	-0.09
	-0.15
	-0.22
	-0.23
	-0.22

	VA30

	Beam Genie
	-0.35
	-0.21
	-0.30
	-0.25
	-0.17
	-0.21
	-0.19

	Beam Prac
	-0.32
	-0.35
	-0.40
	-0.33
	-0.30
	-0.28
	-0.23


From Table 4 it is evident that the Tx Ec/No gain associated with the genie algorithm is insensitive to the BLER target for both the PA3 and the VA30 channel. While the gain for practical beam forming algorithm is insensitive to the BLER target for the VA30 we can observe that the gain for the PA3 channel reduces with increasing BLER target. Focusing on the Rx Ec/No it is evident that that the practical and genie algorithm is insensitive to the BLER for both the PA3 and VA30 channel.
4 Conclusions

This contribution has presented link results for the beam forming algorithms. The main results are:
· For the genie beam forming algorithm the gain in transmit power is 0.47- 4.63 dB for the PA3 channel and -0.65-3.09 dB for the VA30 channel.

· For the practical beam forming algorithm the gain in transmit power is -0.81-3.09 dB for the PA3 channel and -2.08-1.78 dB for the VA30 channel.

· The genie algorithm requires -0.04-0.01 dB more power at the Node-B for the PA3 channel and -0.08-0.08 dB more power for the VA30 channel. 
· The practical algorithm requires -0.33 to -0.17 dB more power for the PA3 channel -0.24 to -0.12 dB more power for the VA30 channel.
· The gain in transmit power increases with transmit antenna correlation.

· The performance associated with the genie algorithm is fairly insensitive with respect to the BLER target (operating point).
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6 Appendix

The text below is inserted from [5] where we have updated the relevant tables with results presented in this contribution. The only modifications are that we have exchanged the numbers presented in [6] with those presented here (and the changes are highlighted with yellow).
6.1 Beamforming Transmit Diversity

6.2.1
Genie Algorithms

Table x5a: Beamforming Rx Ec/No gains with antenna imbalance. Genie algorithm
	Channel model
	Antenna imbalance
	Node B Rx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a2]
	Ref [aa]
	Ref [a9]
	Ref [a7]
	Ref [a6]
	Range

	PedA
3 km/h
	0 dB
	-0.8
	0.01
	0.2
	0.3
	0.05
	-0.8 … +0.3

	
	-3 dB
	-1
	0
	
	
	0.05
	-1 … +0.05

	
	-6 dB
	
	-0.04
	
	
	
	-0.1

	
	3 dB
	-0.9
	0
	
	
	-0.02
	-0.9 … -0.02

	VehA
30 km/h
	0 dB
	-3
	-0.03
	-0.02
	
	-0.02
	-3 … +0.1

	
	-3 dB
	-3
	-0.08
	
	
	
	-3 … +0.2

	
	-6 dB
	
	0.08
	
	
	
	+0.3

	
	3 dB
	-3
	-0.08
	
	
	
	-3 … +0.2


Table x5b: Beamforming Rx Ec/No gains with antenna correlation. Genie algorithm

	Channel model
	Antenna correlation
	Node B Rx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a2]
	Ref [aa]
	Ref [a9]
	Ref [a7]
	Ref [a6]
	Range

	PedA
3km/h
	0
	-0.8
	0.01
	0.2
	0.3
	0.05
	-0.8 … +0.3

	
	0.3
	
	0.07
	
	0.2
	
	-0.1 … +0.2

	
	0.7
	
	0.08
	
	
	
	

	VehA
30 km/h
	0
	-3
	-0.03
	-0.02
	
	-0.02
	-3 … +0.1

	
	0.3
	
	0
	
	
	
	+0.1

	
	0.7
	
	-0.01
	
	
	
	


Table x6a: Beamforming Tx Ec/No gains with antenna imbalance. Genie algorithm
	Channel model
	Antenna imbalance
	UE Tx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a2]
	Ref [aa]
	Ref [a9]
	Ref [a7]
	Ref [a3]
	Ref [a6]
	Range

	PedA
3 km/h
	0 dB
	1.6
	3.01
	3.21
	3.4
	2.24
	3.68
	+1.6 … +3.68

	
	-3 dB
	0.2
	1.63
	
	
	
	2.31
	+0.2 … +2.31

	
	-6 dB
	
	0.47
	
	
	
	
	+0.3

	
	3 dB
	3.3
	4.63
	
	
	
	5.21
	+3.3 … +5.21

	VehA
30 km/h
	0 dB
	-2
	1.56
	1.49
	
	1.22
	1.41
	-2 … +1.7

	
	-3 dB
	-3.2
	0.19
	
	
	
	
	-3.2 … +0.5

	
	-6 dB
	
	-0.65
	
	
	
	
	-0.5

	
	3 dB
	-0.2
	3.19
	
	
	
	
	-0.2 … +3.5


Table x6b: Beamforming Tx Ec/No gains with antenna correlation. Genie algorithm

	Channel model
	Antenna correlation
	UE Tx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a2]
	Ref [aa]
	Ref [a9]
	Ref [a7]
	Ref [a3]
	Ref [a6]
	Range

	PedA
3km/h
	0
	1.6
	3.01
	3.21
	3.4
	2.24
	3.68
	+1.6 … +3.68

	
	0.3
	
	3.11
	
	3.4
	
	
	+2.9 … +3.4

	
	0.7
	
	3.17
	
	
	
	
	

	VehA
30 km/h
	0
	-2
	1.56
	1.49
	
	1.22
	1.41
	-2 … +1.7

	
	0.3
	
	1.75
	
	
	
	
	+1.9

	
	0.7
	
	2.37
	
	
	
	
	


6.2.2
Practical Algorithms

Provide link evaluation results for the practical algorithm(s) considered in this study for beamforming transmit diversity

Table x7a: Beamforming Rx Ec/No gains with antenna imbalance. Practical algorithm

	Channel model
	Antenna imbalance
	Node B Rx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a8]
	Ref [aa]
	Ref [a9]
	Ref [a7]
	Ref [a6]
	Range

	PedA
3 km/h
	0 dB
	-0.23
	-0.28
	-0.4
	-0.04
	-0.16
	-0.4 … -0.04

	
	-3 dB
	-0.3
	0
	-0.3
	
	-0.05
	-0.3 … -0.05

	
	-6 dB
	-0.1
	-0.04
	-0.4
	
	
	-0.4 … -0.1

	
	3 dB
	-0.3
	0
	
	
	-0.09
	-0.3 … -0.09

	VehA
30 km/h
	0 dB
	-0.3
	-0.03
	-0.29
	
	-0.36
	-0.36 … 0

	
	-3 dB
	-0.3
	-0.12
	-0.25
	
	
	-0.3 … +0.1

	
	-6 dB
	-0.15
	0.08
	0.23
	
	
	-0.15 … + 0.23

	
	3 dB
	-0.23
	-0.08
	
	
	
	-0.23 … +0.1


Table x7b: Beamforming Rx Ec/No gains with antenna correlation. Practical algorithm

	Channel model
	Antenna correlation
	Node B Rx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a8]
	Ref [aa]
	Ref [a9]
	Ref [a7]
	Ref [a6]
	Range

	PedA
3 km/h
	0
	-0.23
	-0.28
	-0.4
	-0.04
	-0.16
	-0.4 … -0.04

	
	0.3
	-0.2
	-0.38
	-0.5
	-0.2
	
	-0.5 …-0.1

	
	0.7
	
	-0.26
	-0.5
	
	
	-0.5

	VehA
30 km/h
	0
	-0.3
	-0.03
	-0.29
	
	-0.36
	-0.36 … -0.3

	
	0.3
	-0.3
	0
	-0.15
	
	
	-0.3 … +0.1

	
	0.7
	
	-0.01
	-0.14
	
	
	-0.14


Table x8a: Beamforming Tx Ec/No gains with antenna imbalance. Practical algorithm

	Channel model
	Antenna imbalance
	UE Tx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a8]
	Ref [aa]
	Ref [a9]
	Ref [a7]
	Ref [a6]
	Range

	PedA
3 km/h
	0 dB
	1.45
	3.01
	1.14
	0.8
	2.7
	+0.5 … +2.7

	
	-3 dB
	0.02
	1.63
	0.01
	
	1.27
	-0.8 … +1.27

	
	-6 dB
	-0.9
	0.47
	-1.26
	
	
	-1.8 … -0.9

	
	3 dB
	3.05
	4.63
	
	
	4.24
	+2.2 … +4.24

	VehA
30 km/h
	0 dB
	-0.21
	1.56
	-0.22
	
	-0.11
	-0.22 … 0

	
	-3 dB
	-1.46
	0.19
	-1.46
	
	
	-1.46 … -1.1

	
	-6 dB
	-2.1
	-0.65
	-2.19
	
	
	-2.19 … -1.9

	
	3 dB
	1.63
	3.01
	
	
	
	+1.63 … +1.9


Table x8b: Beamforming Tx Ec/No gains with antenna correlation. Practical algorithm

	Channel model
	Antenna correlation
	UE Tx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a8]
	Ref [aa]
	Ref [a9]
	Ref [a7]
	Ref [a6]
	Range

	PedA 3 km/h
	0
	1.45
	1.45
	1.14
	0.8
	2.7
	+0.5 … +2.7

	
	0.3
	1.4
	1.56
	1.22
	1.4
	
	+0.8 … +1.4

	
	0.7
	
	1.01
	1.54
	
	
	+1.54

	VehA 30 km/h
	0
	-0.21
	-0.08
	-0.22
	
	-0.11
	-0.22 … 0

	
	0.3
	0.1
	0.65
	0.13
	
	
	+0.1 … +0.4

	
	0.7
	
	1.73
	0.98
	
	
	+0.98
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