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1 Introduction
At RAN#45 a study item focusing on open loop uplink transmit diversity was initiated. The objective of the study item is to evaluate uplink transmit diversity techniques that does not require any newly standardized dynamic feedback signaling between the network and UE [1]. During the last couple of working group meetings RAN1 has evaluated the merits of such diversity techniques. 
At RAN1#59bis a set of new practical algorithms was proposed. These were summarized in [4]. In addition, the related simulation parameters were modified [3]. This contribution evaluates related performance of the open-loop antenna switching under the new set of assumptions. The results presented in this contribution should be viewed as a complement to the results presented in our previous contributions [6]. 
2 Studied algorithms
This section describes the studied algorithms. The studied algorithms comply with the algorithms previously described in [3] 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 radio frame the reference UE transmitter makes a decision on whether to switch transmit antenna or not.

· Transmit antenna j is selected if  
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 in the previous frame is the maximum.

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 proposed at RAN1#59bis is based on the algorithm we previously described in [2].
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 14 consecutive frames the UE automatically switches antenna. Note that the UE accumulates TPC commands continuously as long as a switch does not occur.

4. Every time an antenna switch occurs the accumulated TPC sum is reset to 0.

3 Simulation Assumptions

Baseline simulation assumptions for link level evaluations have been specified in [4]. The relevant parameters are presented in Table 1 below. 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


4 Results
This section presents the relative gains associated with the genie and practical antenna switching 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.
Table 2 presents the relative gains of Tx Ec/No for a case with zero antenna correlation. 
For the PA3 channel it is evident that the transmit power can be reduced with 1.92 dB with the genie algorithm in contexts where there is not any antenna imbalance. The corresponding number for the practical algorithm is 0.99 dB. For positive antenna imbalances the gains in Tx Ec/No increase. On the other hand, for negative antenna imbalances the gain reduces and for the practical algorithm losses are observed. Focusing on the Rx Ec/No in the case of a PA3 channel, the genie algorithm result in a small loss (i.e. slightly more power is needed). For the practical algorithm a power level 0.28-0.72 dB larger than the reference case is required. This will result in that the noise rise budget is used less efficiently, which in turn reduces the cell throughput.
For the VA30 channel, gains in transmit power are only observed for the case where the antenna imbalance is +3 dB (both for the genie and practical antenna switching algorithm). For all other cases an increase in Tx Ec/No is observed when antenna switching is used. With respect to the Rx Ec/No it is evident that the VA30 channel results in losses of 0.21-0.58 dB. 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

	SATD Genie
	0.0
	0.0
	-
	-
	-
	-
	-
	-

	SATD prac 14
	0.0
	0.0
	-
	-
	-
	-
	-
	-

	PA3

	SATD Genie
	-0.08
	1.92
	-0.21
	3.65
	-0.21
	0.65
	-0.14
	0.15

	SATD prac 14
	-0.28
	0.99
	-0.36
	2.85
	-0.36
	-0.15
	-0.72
	-1.11

	VA30

	SATD Genie
	-0.32
	-0.15
	-0.15
	2.71
	-0.15
	-0.29
	-0.01
	-0.02

	SATD prac 14
	-0.21
	-0.15
	-0.31
	2.06
	-0.31
	-0.94
	-0.58
	-1.17


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

	
	Relative Rx Ec/N0

(-10.19)
	Relative Tx Ec/N0

(-7.84)
	Relative Rx Ec/N0
	Relative Tx Ec/N0
	Relative Rx Ec/N0
	Relative Tx Ec/N0

	PA3

	SATD Genie
	-0.08
	1.92
	-0.10
	1.86
	-0.13
	1.39

	SATD prac 14
	-0.28
	0.99
	-0.26
	1.00
	-0.20
	0.63

	

VA30

	SATD Genie
	-0.32
	-0.15
	-0.27
	-0.13
	-0.19
	-0.09

	SATD prac 14
	-0.21
	-0.15
	-0.15
	-0.08
	-0.05
	-0.03


Table 3 presents the relative Tx and Rx Ec/No gain with respect to the reference case without antenna switching for varying degree of antenna correlations. Note that we only consider the case without antenna imbalance here. For the PA3 channel it is evident that the gain in Tx Ec/No reduces for both the genie and practical algorithms as the transmit antenna correlation increases. The Rx Ec/No loss is insensitive to the transmit antenna correlation. For the VA30 channel a small reduction in the difference between the genie and practical algorithms is observed as the transmit antenna correlation increases.
4.1 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 operate at smaller BLER targets and typical values of BLER values are 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/N0 and Table 5 presents the relative gain in Rx Ec/No for different BLER levels.
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

	SATD Genie
	2.06
	1.83
	1.92
	2.05
	1.91
	1.89
	1.94

	SATD Prac
	0.65
	0.97
	0.96
	1.21
	0.99
	1
	1.18

	VA30

	SATD Genie
	-1.4
	-0.5
	-0.25
	-0.23
	-0.18
	-0.08
	-0.08

	SATD Prac
	-0.52
	-0.41
	-0.26
	-0.22
	-0.22
	-0.05
	-0.1


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

	SATD Genie
	0.02
	-0.08
	-0.03
	-0.05
	-0.08
	-0.19
	-0.17

	SATD Prac
	-0.68
	-0.41
	-0.28
	-0.26
	-0.34
	-0.35
	-0.17

	VA30

	SATD Genie
	-1.55
	-0.7
	-0.43
	-0.41
	-0.36
	-0.30
	-0.31

	SATD Prac
	-0.6
	-0.42
	-0.37
	-0.3
	-0.27
	-0.17
	-0.21


From Table 4 it is evident that the relative gain in Tx Ec/No depends on the BLER target. While the PA3 channel still is associated with a (although reduced) gain in Tx Ec/No the VA30 channel is associated with a loss. From Table 5 it is clear the relative gain in Rx Ec/N0 decreases as the BLER target reduces. In particular, we can notice that the practical algorithm can result in a significant increase in required Rx Ec/No if the system is operated at BLER targets smaller than 10 percent.
5 Conclusions

This contribution has presented link results for the antenna switching algorithms. The main results are:

· For the genie antenna switching algorithm the gain in transmit power is 0.15- 3.65 dB for the PA3 channel and -0.29-2.71 dB for the VA30 channel.

· For the practical antenna switching algorithm the gain in transmit power is -1.11-2.85 dB for the PA3 channel and -1.17-2.06 dB for the VA30 channel.

· The genie algorithm requires 0.21 to 0.08 dB more power at the Node-B for the PA3 channel and 0.01 to 0.32 dB more power for the VA30 channel. 

· The practical algorithm requires 0.28 to 0.72 dB more power for the PA3 channel 0.21-0.58 dB more power for the VA30 channel.

· The gain in transmit power reduces with transmit antenna correlation.
· At a lower BLER targets the performance of the relative gain in Tx and Rx Ec/N0 associated with practical SATD schemes is reduced significantly and in many cases a non-negliable loss is observed.
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7 Appendix

The text below is inserted from [5] where we have updated the relevant tables with results present 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
Switched Antenna Transmit Diversity

6.1.1
Genie Algorithms

Table x1a: Switched antenna 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 [a1]
	Ref [aa]
	Ref [a5]
	Ref [a6]
	Range

	PedA
3 km/h
	0 dB
	0.1
	-0.08
	0
	-0.21
	-0.21 … +0.1

	
	-3 dB
	0
	-0.21
	-0.1
	
	-0.1 … 0

	
	-6 dB
	
	-0.14
	0
	
	-0.2 … 0

	
	3 dB
	0.2
	-0.21
	0
	
	-0.2 … +0.2

	VehA
30 km/h
	0 dB
	-0.1
	-0.32
	-0.21
	-0.2
	-0.4 … -0.1

	
	-3 dB
	0.4
	-0.15
	-0.18
	
	-0.18 … +0.4

	
	-6 dB
	
	-0.01
	-0.04
	
	-0.04 … +0.1

	
	3 dB
	0.4
	-0.15
	-0.07
	
	-0.07 … +0.4


Table x1b: Switched antenna 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 [a1]
	Ref [aa]
	Ref [a5]
	Ref [a6]
	Range

	PedA
3 km/h
	0
	0.1
	-0.08
	0
	-0.21
	-0.21 … +0.1

	
	0.3
	
	-0.10
	0
	
	-0.2 … 0

	
	0.7
	
	-0.13
	0
	
	0

	VehA
30 km/h
	0
	-0.1
	-0.32
	-0.21
	-0.2
	-0.4 … -0.1

	
	0.3
	
	-0.27
	-0.17
	
	-0.2 … -0.17

	
	0.7
	
	-0.19
	-0.05
	
	-0.05


Table x2a: Switched antenna Tx Ec/No gains with antenna imbalance. Genie algorithm

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

	
	
	Ref [a1]
	Ref [aa]
	Ref [a5]
	Ref [a3]
	Ref [a6]
	Range

	PedA
3 km/h
	0 dB
	2.2
	1.92
	2.41
	0.98
	2.46
	+0.98 … +2.46

	
	-3 dB
	2
	0.65
	1.05
	
	
	+0.6 … +2

	
	-6 dB
	
	0.15
	0.34
	
	
	0 … +0.34

	
	3 dB
	4.8
	3.65
	4.22
	
	
	+3.6 … +4.8

	VehA
30 km/h
	0 dB
	0.4
	-0.15
	0.05
	-0.09
	0.09
	-0.2 … +0.4

	
	-3 dB
	0.4
	-0.29
	-0.35
	
	
	-0.35 … +0.4

	
	-6 dB
	
	-0.02
	-0.08
	
	
	-0.08 … +0.1

	
	3 dB
	3.4
	2.71
	2.79
	
	
	+2.79 … +3.4


Table x2b: Switched antenna Tx Ec/No gains with antenna correlation. Genie algorithm

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

	
	
	Ref [a1]
	Ref [aa]
	Ref [a5]
	Ref [a3]
	Ref [a6]
	Range

	PedA
3 km/h
	0
	2.2
	1.92
	2.41
	0.98
	2.46
	+0.98 … +2.41

	
	0.3
	
	1.86
	2.32
	
	
	+1.8 … +2.32

	
	0.7
	
	1.39
	1.81
	
	
	+1.81

	VehA
30 km/h
	0
	0.4
	-0.15
	0.05
	-0.09
	0.09
	-0.2 … +0.4

	
	0.3
	
	-0.13
	0.06
	
	
	-0.1 … +0.06

	
	0.7
	
	-0.09
	0.09
	
	
	+0.09


6.1.2
Practical Algorithms

Table x3a: Switched antenna 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 [a1]
	Ref [a4]
	Ref [aa]
	Ref [a5]
	Range

	PedA

3 km/h
	0 dB
	-0.1
	-0.24*
	-0.28
	-0.7
	-1 … -0.1

	
	-3 dB
	-0.8
	-0.32*
	-0.36
	-0.94
	-1.3 … -0.32

	
	-6 dB
	
	-0.55*
	-0.72
	-1.85
	-2.1 … -0.55

	
	3 dB
	-1.2
	-0.35*
	-0.36
	-1.01
	-1.3 … -0.35

	VehA
30 km/h
	0 dB
	-0.2
	-0.11*
	-0.21
	-0.22
	-0.4 … -0.11

	
	-3 dB
	-0.5
	-0.25*
	-0.31
	-0.49
	-0.7 … -0.25

	
	-6 dB
	
	-0.32*
	-0.58
	-1.27
	-1.4 … -0.32

	
	3 dB
	-0.8
	-0.23*
	-0.31
	-0.54
	-0.8 … -0.23


*Results with antenna correlation 0.3
Table x3b: Switched antenna 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 [a1]
	Ref [a4]
	Ref [aa]
	Ref [a5]
	Range

	PedA
3 km/h
	0
	-0.1
	
	-0.28
	-0.7
	-1 … -0.1

	
	0.3
	
	-0.24
	-0.26
	-0.7
	-1 … -0.24

	
	0.7
	
	
	-0.2
	-0.4
	-0.4

	VehA
30 km/h
	0
	-0.2
	
	-0.21
	-0.22
	-0.4 … -0.2

	
	0.3
	
	-0.11
	-0.15
	-0.17
	-0.3 … -0.11

	
	0.7
	
	
	-0.05
	-0.14
	-0.14


Table x4a: Switched antenna Tx Ec/No gains with antenna imbalance. Practical algorithm
	Channel model
	Antenna imbalance
	UE Tx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a1]
	Ref [a4]
	Ref [aa]
	Ref [a5]
	Range

	PedA

3 km/h
	0 dB
	1.8
	1.19*
	0.99
	1.08
	+0.5 … +1.8

	
	-3 dB
	0
	-0.08*
	-0.15
	-0.45
	-1 … 0

	
	-6 dB
	
	-0.85*
	-1.11
	-2.12
	-2.5 … -0.85

	
	3 dB
	0
	2.81*
	2.85
	2.58
	0 … +2.81

	VehA
30 km/h
	0 dB
	0.2
	-0.01*
	-0.15
	-0.08
	-0.2 … +0.2

	
	-3 dB
	-0.2
	-0.89*
	-0.94
	-1.37
	-1.6 … -0.2

	
	-6 dB
	
	-0.92*
	-0.58
	-2.53
	-2.7 … -0.92

	
	3 dB
	-0.2
	2.13*
	2.06
	1.62
	-0.2 … +2.13


*Results with antenna correlation 0.3
Table x4b: Switched antenna Tx Ec/No gains with antenna correlation. Practical algorithm
	Channel model
	Antenna correlation
	UE Tx Ec/No gain over one Tx UE [dB]

	
	
	Ref [a1]
	Ref [a4]
	Ref [aa]
	Ref [a5]
	Range

	PedA
3 km/h
	0
	1.8
	
	0.99
	1.08
	+0.5 … +1.8

	
	0.3
	
	1.19
	1
	1.04
	+0.5 … +1.19

	
	0.7
	
	
	0.63
	0.79
	+0.79

	VehA 
30 km/h
	0
	0.2
	
	-0.15
	-0.08
	

	
	0.3
	
	-0.01
	-0.08
	-0.08
	-0.1 … -0.01

	
	0.7
	
	
	-0.03
	-0.01
	-0.01
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