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1 Introduction
At Ran #58b in support of the SI on Uplink Open Loop Transmit Diversity (TxD), a set of simulation assumptions and reference transmitters were agreed upon.  The set of reference transmitters defined genie models, which assume the UE had perfect knowledge of the channel conditions.  Hence the genie models give an upper bound for the performance of the open loop TxD schemes.  This contribution presents results for the switched antenna (SATD) and beamforming (BF) genie models.
2 Simulation Overview and Settings

The link-level simulation parameters for evaluating the performance of the uplink TxD schemes were defined in [1].  The subset of parameters used to generate the simulation results in the following section are given in Table A. 1.  
The uplink TxD schemes are evaluated across different combinations of channel conditions, transmit antenna cross correlation values, and antenna imbalances.  The channel conditions are modeled according to 3GPP TS25.104 [2]with a channel oversampling rate of 4.  The channel correlation model is presented in Appendix B.  The measurement of Tx Ec/No is carried out before the application of the antenna imbalance to the second antenna.  
For SATD, only one antenna is active at a time and switching is restricted to occur only at the frame boundary.  The BF genie model applies a complex set of unquantized weights to the antennas, which can be changed at any slot boundary.  The weights are applied in a manner similar to the scheme provide in [3], the amplitude weights are applied to both antennas (main and diversity) and a phase shift weight is applied only to the diversity antenna.    
Several metrics are used to evaluate the performance of the two uplink TxD schemes.  The amplitude and phase changes per slot were measured at both the UE transmitter and NodeB receiver.  At the UE transmitter, the change in Tx Ec/No between the uplink TxD schemes and no TxD is also compared.  At the NodeB receiver, the distribution of the Rx Eb/No for the various configurations is reported.  For SATD, the number of antenna switches per second is also presented.
3 Simulation Results and Observations

The results in this section are for TBS 2020.  (Results for TBS 307 are provided in Appendix C, but do not significantly differ from the results shown here). The difference (in dB) of the required transmit power for the genie SATD TxD relative to no TxD and the genie BF TxD to no TxD are shown in Table 1 for TBS 2020.  , The number of antenna switches per second for genie-SATD are presented in Table 2.  
Table 1: Genie-BF and Genie-SATD Delta Tx Ec/No (dB) from No Tx Diversity for TBS 2020

	
	
	AWGN
	PA3
	VA30

	Transmit Antenna Cross Correlation

(ratio)
	Antenna Imbalance (dB)
	Genie BF
	Genie SATD
	Genie BF
	Genie SATD
	Genie BF
	Genie SATD

	0
	-3
	1.8
	0.0
	1.9
	0.8
	0.7
	-0.4

	0.3
	-3
	-
	-
	2.9
	0.7
	1.5
	-0.4

	0
	0
	3.0
	0.0
	3.3
	1.9
	1.8
	-0.1

	0.3
	0
	-
	-
	4.2
	1.9
	2.7
	-0.1

	0
	3
	4.9
	3.0
	4.9
	3.8
	3.4
	2.6

	0.3
	3
	-
	-
	5.9
	3.7
	4.4
	2.6


Table 2: Number of Antenna Switches per Second for TBS 2020
	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	PA3
	VA30

	0
	-3
	8.6
	10.6

	0.3
	-3
	8.6
	10.6

	0
	0
	10.9
	42.4

	0.3
	0
	10.9
	42.4

	0
	3
	8.2
	11.5

	0.3
	3
	8.2
	11.5


Note: Across all antenna imbalances the number of antenna switches per second is zero for AWGN
At the transmitter, the changes in amplitude for genie-SATD on a slot basis are +/-1dB across all simulations since the TPC step size is 1dB.  In addition the changes in phase for genie-SATD are zero.  For the genie-BF simulations the changes in amplitude is the same at genie-SATD, however, the phase changes based on the antenna weights are nonzero.  The phase changes have a mean of zero and the standard deviations for the PA3 and VA30 channels are shown in Table 3.

Table 3: Standard Deviation of Second Transmit Antenna Phase Changes (radians) for Genie-BF with TBS2020

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	PA3
	VA30

	0
	-3
	0.045
	0.38

	0.3
	-3
	0.04
	0.32

	0
	0
	0.05
	0.38

	0.3
	0
	0.05
	0.32

	0
	3
	0.05
	0.38

	0.3
	3
	0.04
	0.32


Note: Across all antenna imbalances the second transmit antenna phase changes are zero for AWGN
Figures 1 – 8 show the distribution of the Rx Eb/No, amplitude and phase changes at the NodeB, and phase changes at UE (for genie-BF only).  All of the amplitude changes are in dB and the phase changes are in radians.  Figures 1 and 5 give the baseline plots with no UL TxD, figures 2 and 6 have the plots for genie-SATD TxD, while figures 4 and 8 present the plots for genie-BF TxD, for PA3 and VA30 respectively.  Figures 3 and 7 give the plots for the amplitude and phase changes  between the slots where the genie-SATD actually switched antennas, in PA3 and VA30 respectively.  Visually, the plots appear same for all the antenna imbalances and transmit antenna correlation factors cases, so only antenna imbalance of 0dB and transmit antenna correlation of 0.0 are provided in this contribution.
At the receiver, the changes in amplitude for both genie-SATD and genie-BF were centered around +/-1dB as shown in figures 2, 4, 6, and 8.  The RMS of the amplitude changes at the receiver for both diversity schemes is 1dB in AWGN and PA3 channels and 1.1dB in VA30 channel.  The standard deviation of the changes in amplitude per slot for genie-SATD and genie-BF are presented in Table 4.  The standard deviations of the changes in amplitude at the antenna switch for genie-SATD are given in Table 5.  The mean phase changes slot-to-slot for the uplink TxD schemes are zero and the standard deviations of the phase changes are shown in Table 6 for genie-SATD and genie-BF.  The standard deviations of changes in phase at the antenna switch for genie-SATD are shown in Table 7.  As a baseline, the standard deviations of amplitude and phase for no UL TxD are presented in Table 8.
Table 4: Standard Deviation of Amplitude Changes (dB) at NodeB for Genie-BF and Genie-SATD for TBS2020
	
	
	PA3
	VA30

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	Genie-BF
	Genie-SATD
	Genie-BF
	Genie-SATD

	0
	-3
	0.1
	0.2
	0.4
	0.5

	0.3
	-3
	0.1
	0.2
	0.5
	0.5

	0
	0
	0.1
	0.2
	0.4
	0.6

	0.3
	0
	0.1
	0.2
	0.5
	0.6

	0
	3
	0.1
	0.2
	0.4
	0.5

	0.3
	3
	0.1
	0.2
	0.5
	0.5


Note: Across all antenna imbalances the amplitude changes at the receiver is zero for AWGN

Table 5: Mean and Standard Deviation of Amplitude Changes (dB) at NodeB for Genie-SATD at antenna switch for TBS2020 
	
	
	PA3
	VA30

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	Mean
	Standard Deviation
	Mean
	Standard Deviation

	0
	-3
	1.8
	2.0
	1.1
	3.4

	0.3
	-3
	1.7
	2.1
	1.0
	3.3

	0
	0
	1.7
	1.9
	1.0
	2.9

	0.3
	0
	1.5
	2.0
	0.9
	2.8

	0
	3
	2.0
	2.0
	1.3
	3.4

	0.3
	3
	1.9
	2.0
	1.2
	3.3


Note: Across all antenna imbalances the amplitude changes at the receiver is zero for AWGN

Table 6: Standard Deviation of Phase Changes (radians) at NodeB for Genie-BF and Genie-SATD for TBS2020
	
	
	PA3
	VA30

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	Genie-BF
	Genie-SATD
	Genie-BF
	Genie-SATD

	0
	-3
	0.05
	0.14
	0.37
	0.32

	0.3
	-3
	0.05
	0.12
	0.35
	0.31

	0
	0
	0.06
	0.15
	0.42
	0.42

	0.3
	0
	0.06
	0.14
	0.39
	0.39

	0
	3
	0.06
	0.13
	0.45
	0.32

	0.3
	3
	0.06
	0.12
	0.41
	0.31


Note: Across all antenna imbalances the phase changes at the receiver are zero for AWGN

Table 7: Standard Deviation of Phase Changes (radians) at NodeB for Genie-SATD at antenna switch for TBS2020 

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	PA3
	VA30

	0
	-3
	1.75
	1.85

	0.3
	-3
	1.52
	1.58

	0
	0
	1.77
	1.82

	0.3
	0
	1.54
	1.56

	0
	3
	1.73
	1.80

	0.3
	3
	1.51
	1.55


Note: Across all antenna imbalances the phase changes at the receiver are zero for AWGN

Table 8: Standard Deviation of Amplitude (dB) and Phase Changes (radians) at NodeB for No Tx Diversity and TBS2020 
	
	PA3
	VA30

	STD amplitude changes @ NB
	0.1
	0.4

	STD phase changes @ NB
	0.03
	0.28


Note: Across all antenna imbalances the amplitude and phase changes at the receiver are zero for AWGN
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Figure 1:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; TBS 2020; No Tx Diversity; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; :PA3 channel
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Figure 2:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; TBS 2020; Genie-SATD; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; PA3 channel
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Figure 3: Amplitude and Phase Change at NodeB at antenna switch; TBS 2020; Genie-SATD; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; PA3 channel
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Figure 4:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; Phase Changes at UE; TBS 2020; Genie-BF; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; PA3 channel
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Figure 5:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; TBS 2020; No Tx Diversity; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; VA30 channel
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Figure 6:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; TBS 2020; Genie-SATD; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; VA30 channel
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Figure 7: Amplitude and Phase Change at NodeB at antenna switch; TBS 2020; Genie-SATD; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; VA30 channel
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Figure 8:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; Phase Changes at UE; TBS 2020; Genie-BF; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; VA30 channel

3.1 Observations
Comparing the results of TBS 2020 and 307, there are no significant deltas between the two block sizes.  The block sizes have similar statistics at the transmitter and receiver for both OL UL TxD schemes.
From Table 1, the genie-BF scheme consistently has lower Tx Ec/No for all configurations compared to genie-SATD.  Under VA30 channel conditions, the genie-SATD has higher transmit power than no TxD for antenna imbalances of -3 and 0dB, while the genie-BF scheme shows a reduction of transmit power under all channel conditions.  For genie-SATD, the average number of antenna switches per second is highest for VA30 channel and for genie-BF the standard deviation of phase changes on the second antenna are highest for VA30.  
The transmit power is lower for genie-BF when transmit antenna cross correlation is nonzero.  The net effect is an increase in the received SNR and a reduction in the transmit power in the genie-BF simulations.

The phase and amplitude changes on a slot basis at the receiver are similar for genie-BF versus genie-SATD.  The change in amplitude is marginally lower for genie-BF and the change in phase is slightly less for genie-BF in PA3, but comparable in VA30.  However, the change in amplitude and phase for genie-SATD is much higher when the antenna switches.  
Comparing the changes in amplitude at the NodeB for the genie models to the no UL TxD case shows a minimal increase in amplitude for the genie models.  The genie models have a bigger impact on the change in phase over the no diversity case, especially for VA30.
4 Conclusion

This contribution presents results for the genie switched antenna (SATD) and genie beamforming (BF) UL Tx diversity schemes in AWGN, PA3 and VA30 channels for different transmit antenna cross correlations, antenna imbalances and transport block sizes.    The performance of the genie models is considered an upper bound for practical UL Tx diversity implementations since these models possess knowledge of the channel estimates.  
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Appendix A: Link-Level Simulation Parameters
· Table listing link-level simulation assumption
Table A. 1: Open Loop Transmit Diversity Link-Level Simulation Parameters
	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH 

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	Channel Oversampling Rate
	4

	TBS [bits]
	307, 2020

	20*log10(βed/βc) [dB]
	8 (TBS 307)

9 (TBS 2020)

	20*log10(βec/βc) [dB]
	2

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	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

	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

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

	UE Tx Antenna Correlation
	0.0, 0.3

	UE DTX
	OFF


Appendix B:  Transmit Antenna Correlation Model

Transmit antenna correlation is represented in the channel by the basic Kronecker model of the channel
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Appendix C:  TBS 307 Results

Table C.1: Genie-BF and Genie-SATD Delta Tx Ec/No (dB) from No Tx Diversity for TBS 307

	
	
	AWGN
	PA3
	VA30

	Transmit Antenna Cross Correlation
	Antenna Imbalance
	Genie BF
	Genie SATD
	Genie BF
	Genie SATD
	Genie BF
	Genie SATD

	0
	-3
	1.8
	0.0
	2.0
	0.9
	0.8
	-0.3

	0.3
	-3
	-
	-
	3.0
	0.8
	1.6
	-0.2

	0
	0
	3.0
	0.0
	3.3
	2.0
	1.8
	0.0

	0.3
	0
	-
	-
	4.3
	2.1
	2.6
	-0.1

	0
	3
	4.8
	3.0
	5.0
	3.9
	3.6
	2.7

	0.3
	3
	-
	-
	5.9
	4.0
	4.5
	2.7


Table C.2: Number of Antenna Switches per Second for TBS 307

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	PA3
	VA30

	0
	-3
	8.6
	10.6

	0.3
	-3
	8.6
	10.6

	0
	0
	10.9
	42.4

	0.3
	0
	10.9
	42.4

	0
	3
	8.2
	11.5

	0.3
	3
	8.2
	11.5


Note: Across all antenna imbalances the number of antenna switches per second is zero for AWGN

Table C.3: Standard Deviation of Second Transmit Antenna Phase Changes (radians) for Genie-BF with TBS307

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	PA3
	VA30

	0
	-3
	0.05
	0.38

	0.3
	-3
	0.04
	0.32

	0
	0
	0.05
	0.38

	0.3
	0
	0.05
	0.32

	0
	3
	0.05
	0.38

	0.3
	3
	0.04
	0.32


Note: Across all antenna imbalances the second transmit antenna phase changes are zero for AWGN
Table C.4: Standard Deviation of Amplitude Changes (dB) at NodeB for Genie-BF and Genie-SATD for TBS307

	
	
	PA3
	VA30

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	Genie-BF
	Genie-SATD
	Genie-BF
	Genie-SATD

	0
	-3
	0.1
	0.2
	0.4
	0.5

	0.3
	-3
	0.1
	0.2
	0.4
	0.6

	0
	0
	0.1
	0.2
	0.4
	0.5

	0.3
	0
	0.1
	0.2
	0.4
	0.5

	0
	3
	0.1
	0.2
	0.4
	0.6

	0.3
	3
	0.1
	0.2
	0.5
	0.5


Note: Across all antenna imbalances the amplitude changes at the receiver is zero for AWGN

Table C.5: Mean and Standard Deviation of Amplitude Changes (dB) at NodeB for Genie-SATD at antenna switch for TBS307
	
	
	PA3
	VA30

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	Mean
	Standard Deviation
	Mean
	Standard Deviation

	0
	-3
	1.8
	2.0
	1.2
	3.5

	0.3
	-3
	1.7
	1.9
	1.1
	3.4

	0
	0
	1.7
	2.0
	1.0
	2.9

	0.3
	0
	1.6
	2.0
	0.9
	2.8

	0
	3
	1.9
	2.0
	1.4
	3.4

	0.3
	3
	1.9
	2.0
	1.3
	3.3


Note: Across all antenna imbalances the amplitude changes at the receiver is zero for AWGN

Table C.6: Standard Deviation of Phase Changes (radians) at NodeB for Genie-BF and Genie-SATD for TBS307

	
	
	PA3
	VA30

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	Genie-BF
	Genie-SATD
	Genie-BF
	Genie-SATD

	0
	-3
	0.05
	0.14
	0.37
	0.32

	0.3
	-3
	0.05
	0.12
	0.35
	0.31

	0
	0
	0.06
	0.15
	0.42
	0.42

	0.3
	0
	0.06
	0.14
	0.39
	0.39

	0
	3
	0.06
	0.13
	0.45
	0.32

	0.3
	3
	0.06
	0.12
	0.41
	0.31


Note: Across all antenna imbalances the phase changes at the receiver are zero for AWGN

Table C.7: Standard Deviation of Phase Changes (radians) at NodeB for Genie-SATD at antenna switch for TBS307

	Transmit Antenna Cross Correlation (ratio)
	Antenna Imbalance (dB)
	PA3
	VA30

	0
	-3
	1.75
	1.75

	0.3
	-3
	1.52
	1.47

	0
	0
	1.77
	1.76

	0.3
	0
	1.54
	1.48

	0
	3
	1.73
	1.74

	0.3
	3
	1.51
	1.48


Note: Across all antenna imbalances the phase changes at the receiver are zero for AWGN

Table C.8: Standard Deviation of Amplitude (dB) and Phase Changes (radians) at NodeB for No Tx Diversity and TBS307
	
	PA3
	VA30

	STD amplitude changes @ NB (dB)
	0.1
	0.4

	STD phase changes @ NB (radians)
	0.03
	0.28


Note: Across all antenna imbalances the amplitude and phase changes at the receiver are zero for AWGN
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Figure C.1:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; TBS 307; No Tx Diversity; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; :PA3 channel
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Figure C.2:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; TBS 307; Genie-SATD; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; PA3 channel
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Figure C.3: Amplitude and Phase Change at NodeB at antenna switch; TBS 307; Genie-SATD; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; PA3 channel
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Figure C.4:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; Phase Changes at UE; TBS 307; Genie-BF; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; PA3 channel
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Figure C.5:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; TBS 307; No Tx Diversity; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; VA30 channel
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Figure C.6:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; TBS 307; Genie-SATD; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; VA30 channel
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Figure C.7:  Amplitude and Phase Change at NodeB at antenna switch; TBS 307; Genie-SATD; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; VA30 channel
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Figure C.8:  Rx Eb/No Distribution; Amplitude Changes at NodeB; Phase Changes at NodeB; Phase Changes at UE; TBS 307; Genie-BF; 0dB Antenna Imbalance; 0.0 Tx Antenna Correlation; VA30 channel
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