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1 Introduction
At RAN#45 it was agreed to start a study item (SI) on UL transmit diversity (UL TxD) [1]. The objective of the SI is to investigate UL TxD techniques for HSPA that comply with the following principles:

· No newly standardized dynamic feedback signalling between network and UE is required,
· Transmission from 1 Tx antenna (e.g. switched antenna Tx diversity) or simultaneous transmission from 2 Tx antennas (e.g. transmit beamforming) are supported.
It was decided that RAN WG1 should evaluate the potential benefits of the indicated UL Tx diversity techniques. The planned completion for the RAN1 work is RAN#47. To meet this time plan companies were asked to provide descriptions of proposed algorithms, initial link level results, and refined simulation assumptions already at RAN1#59 (this meeting). The objective of this contribution is to present initial link level results for different UL TxD schemes.
2 Transmit Diversity Schemes

This section gives a brief summary of the TxD schemes that should be evaluated in this SI.
2.1 Switched Antenna Transmit Diversity (SATD)

For switched antenna transmit diversity the UE is only allowed to transmit from one antenna at a time. The UE can however switch between the two available transmit antennas dynamically. The layer one structure, for example coding, spreading and modulation, is unaffected by SATD. SATD requires some mechanism that makes sure that the PA output is fed to one of the transmit antennas base on the UE criterion.
2.2 Beamforming

For beamforming the processed baseband signal is split into two equal signals which are multiplied by two different complex valued weights before they are passed on to the radio part and eventually transmitted on two different antennas. In principle, the weights could include both amplitude and phase differences. Similar to SATD all other layer 1 structure is unaffected by beamforming.
3 Simulation Assumptions

The UL Tx algorithms considered in this contribution are described in [3]. Baseline simulation assumptions for UL transmit diversity were specified in [2]. For convenience we duplicate the relevant parameters in the table below. Note that we do not separate between short and long term antenna imbalances.
	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, 3 or 6 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 (model according to Sec 5 in [2])

	UE DTX
	OFF


4 Results
In this section we will present performance results for the simulator assumptions discussed in the previous section. The UL Tx algorithms used are described in [3]. The main results are summarized in Table 1-Table 14 (found below and in the Appendix). In the following we refer to the different Tx algorithms as follows: ‘None’ refers to the case where no transmit diversity is used (Tx0), ‘SATD genie’ denotes the genie SATD algorithm (Tx1a), ‘SATD prac’ denotes practical SATD (Tx1b), ‘Beam Genie’ is the genie beamforming algorithm (Tx2a), and ‘Beam prac’ represents practical beamforming (Tx2b). In the tables we show results for the following settings:
· Three different lengths of the time-averaging for the channel estimates are used; 1 slot, 3 slots, or 6 slots. Note that in reality the length may be adapted dynamically based on some estimated statistics for the radio channel (e.g. the coherence length) rather than fixed.

· Different values of the Tx antenna imbalance (ant imb) and the Tx antenna correlation (TxCorr) are considered. 

· For SATD, two values for the frequency with which an enforced automatic antenna switch occurs are used; every 4th frame or every 100th frame. Note that the effects of the automatic antenna switch are marginal when this switch is limited to once every 100th frame.

As performance metrics we will consider the average received Ec/N0 (Rx Ec/N0) required to obtain 1 percent BLER, the average transmitted Ec/N0 (Tx Ec/N0), and average number of antenna/weight switches per second. Note that all Ec/N0 values are relative the reference case with no Tx diversity (None) and a filter length of 6 slots.

4.1 Performance for Balanced Antennas

For the AWGN channel (see Appendix 7.1) the results are as expected. From the transmitted Ec/N0 when there is no antenna imbalance (see Table 5) we can observe that SATD neither improves nor reduces performance. For beamforming the genie scheme achieves the theoretical 3dB gain while the practical algorithm achieves a slightly smaller gain. These results are mainly provided for repeatability reasons. 
For the PA3 channel the results are more interesting. Table 1 presents the results for the PA3 channel with no Tx antenna correlation while additional results including antenna correlation can be found in Appendix 7.2. From Table 1 we see that the received Ec/N0 varies amongst the different schemes, particularly for the SATD schemes. One reason for these variations is the channel estimator, which has problems when antenna switches occur too often since an antenna change causes an abrupt change to the channel perceived by the NodeB. The problem manifests itself by that the NodeB needs a larger received power to ensure the same performance (1% BLER). 
As also shown, one way to reduce the negative impact associated with antenna switches is to decrease the amount of averaging in the channel estimate. However, as also illustrated in the presented results some degree of filtering is beneficial for many of the schemes. For example, from Table 1 it can be observed that the Rx Ec/N0 decreases with increased averaging for settings without any UL Tx diversity. 
By considering the transmitted Ec/N0 we can observe that the genie SATD and the genie beamforming show gains of roughly 1.3-1.6dB and 2.2-3.0dB, respectively. The size of these gains depends on the filtering length of the channel estimate. The practical algorithms, on the other hand, show much smaller gains (and in some cases even a performance degradation) and the results are highly dependent on algorithm specific parameters.
4.2 Effects of Antenna Imbalances and Antenna Correlations
The results for the PA3 channel with a Tx antenna imbalance are presented in Table 2-Table 4. Comparing these results with the performance observed when no antenna imbalance is present a general trend is that the gains from UL Tx diversity are reduced when the antenna imbalance is negative and improved when the antenna imbalance is positive. With a negative antenna imbalance the second transmit antenna (i.e. the one that becomes available when Tx diversity is used) has an inferior performance; this is modelled e.g. as [0 -3]. With a positive antenna imbalance the other antenna enabled by UL Tx diversity is better, modelled e.g. as [0 +3]. Note also that the reference case (None) is unaffected by an antenna imbalance since it only uses one antenna with unit power. 
As the UL TxD performance clearly is affected by an antenna imbalance, it would be beneficial to look more carefully into what is causing antenna differences and how large and dynamic these antenna variations can be. One way of doing this would be to consider simulations with more realistic antenna diagrams. Although link level simulations can provide valuable insight, system simulations would be required to get a full assessment of the impact of antenna imbalances.
Finally, we can say that the difference between having no Tx antenna correlation and Tx antenna correlation 0.3 is rather small; see the appendix for results with Tx antenna correlation. The results with correlation are roughly the same as having no correlation. However, the trends between the different algorithms remain the same.
4.3 Effects of Different Channels

The results for the VA30 channel are shown in Table 10- in Appendix 7.3.

Although the trends are similar as for the PA3 channel one should observe:

· The frequency with which the UE changes antenna weights is much higher.

· The potential performance gains from UL Tx diversity is smaller for this scenario.

For the VA30 channel the practical algorithms often result in a degraded performance as compared to the reference case without UL Tx diversity. In fact, one could notice that even the genie algorithms result in worse performance than the reference scheme in certain scenarios.
Table 1: Results showing Ec/N0 relative to No Tx diversity (None) with 6 slots filtering for PA3 with no Tx antenna correlation and no antenna imbalance. Note that a negative value of Tx Ec/N0 indicates a gain.
	PA3, TxCorr 0 
Ant. imb. (0 0)
	Relative Rx Ec/N0


	Relative Tx Ec/N

	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	0
	0
	0.7
	0
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.7
	0.2
	0.4
	-1.3
	-1.8
	-1.6
	11
	11
	11

	SATD prac 100
	0.9
	0.5
	0.2
	0.4
	-0.3
	-0.4
	3.1
	3.1
	3.1

	SATD prac 4
	1.3
	1
	1.5
	-0.2
	-0.5
	0.1
	40
	40
	40

	Beam Genie
	0.7
	0.1
	0
	-2.2
	-2.9
	-3
	174
	174
	174

	Beam prac
	0.8
	0.2
	0
	0.2
	-0.5
	-0.7
	250
	250
	250


Table 2: Results showing Ec/N0 relative to No Tx diversity (None) with 6 slots filtering for PA3 with no Tx antenna correlation and antenna imbalance [0 +3]. Note that a negative value of Tx Ec/N0 indicates a gain.
	PA3, TxCorr 0 
Ant. imb. (0 +3)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	0
	0
	0.7
	0
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.8
	0.2
	0.3
	-3
	-3.6
	-3.5
	8.6
	8.6
	8.6

	SATD prac 100
	0.8
	0.3
	0.3
	-1.7
	-2.3
	-2.4
	3.0
	3.2
	3.1

	SATD prac 4
	1.6
	1.3
	1.8
	-1.6
	-2
	-1.5
	40
	40
	40

	Beam Genie
	0.7
	0.1
	0
	-3.9
	-4.5
	-4.6
	174
	174
	174

	Beam prac
	0.8
	0.2
	0
	-1.4
	-2.2
	-2.3
	250
	250
	250


Table 3: Results showing Ec/N0 relative to No Tx diversity (None) with 6 slots filtering for PA3 with no Tx antenna correlation and antenna imbalance [0 -3]. Note that a negative value of Tx Ec/N0 indicates a gain.
	PA3, TxCorr 0 
Ant. imb. (0 -3)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	0
	0
	0.7
	0
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.8
	0.2
	0.3
	0
	-0.6
	-0.5
	8.6
	8.6
	8.6

	SATD prac 100
	0.8
	0.3
	0.3
	1.3
	0.7
	0.6
	3.0
	3.2
	3.1

	SATD prac 4
	1.6
	1.3
	1.8
	1.4
	1
	1.5
	40
	40
	40

	Beam Genie
	0.7
	0.1
	0
	-0.9
	-1.5
	-1.6
	174
	174
	174

	Beam prac
	0.8
	0.2
	0
	1.6
	0.8
	0.7
	250
	250
	250


Table 4: Results showing Ec/N0 relative to No Tx diversity (None) with 6 slots filtering for PA3 with no Tx antenna correlation and antenna imbalance [0 -6]. Note that a negative value of Tx Ec/N0 indicates a gain.
	PA3, TxCorr 0 
Ant. imb. (0 -6)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	0
	0
	0.7
	0
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.8
	0.2
	0.2
	0.6
	0
	0
	4.7
	4.7
	4.7

	SATD prac 100
	0.9
	0.3
	0.2
	1.6
	1.3
	1.1
	2.8
	3.0
	2.9

	SATD prac 4
	2.5
	2.1
	2.4
	3
	2.5
	2.8
	40
	40
	40

	Beam Genie
	0.4
	0.1
	0
	0.2
	-0.3
	-0.5
	174
	174
	174

	Beam prac
	0.8
	0.1
	-0.1
	2.5
	1.8
	1.6
	250
	250
	250


5 Conclusions

We have presented initial link level results for some uplink TxD schemes. Both genie and more practical Tx algorithms were assessed and the following observations were made:
· The genie algorithms indicate that UL TxD can give substantial link-level gains in certain scenarios. However, the gains associated with more practical algorithms are significantly smaller and generally the gains observed from the realistic algorithms depend on several parameters. To exemplify, for a PA3 channel the observed gains in Tx power for the practical algorithms were ~1-1.5 dB less and ~2dB less than for the genie algorithms for SATD and beamforming, respectively.
· The required received power at the NodeB is typically increased by both SATD and beamforming. This means that part of the NodeB’s available noise rise budget is wasted.

· Too frequent antenna switching can cause problems for the NodeB due to that the channel changes abruptly and the length of the appropriate channel estimation filter typically may vary amongst different algorithms.
· Antenna imbalances can have a significant impact of the UL TxD performance. Hence, it would be beneficial to look more carefully into what is causing antenna differences and how large and dynamic these antenna variations typically are.
· Increased Tx antenna correlation can lead to somewhat reduced UL TxD performance gains. Also the potential gains of UL TxD reduce with higher radio channel dispersiveness and higher UE velocity.
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7 Appendix – Additional Results

7.1 Results for AWGN

Table 5: Results showing Ec/N0 relative to No Tx diversity (None) with 6 slots filtering for AWGN with no Tx antenna correlation and no antenna imbalance. Note that a negative value of Tx Ec/N0 indicates a gain.
	AWGN, TxCorr 0 
Ant. imb. (0 0)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.5
	0
	0
	0.5
	0
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.5
	0.1
	0
	0.5
	0.1
	0
	0
	0
	0

	SATD prac 100
	0.5
	0.1
	0
	0.5
	0.1
	0
	2.6
	2.6
	2.6

	SATD prac 4
	0.5
	0.1
	0
	0.5
	0.1
	0
	31
	31
	31

	Beam Genie
	0.5
	0.1
	0
	-2.5
	-2.9
	-3
	0
	0
	0

	Beam prac
	0.5
	0.1
	0
	-1.9
	-2.3
	-2.4
	250
	250
	250


Table 6: Results showing Ec /N0 relative to No Tx diversity (None) with 6 slots filtering for AWGN with no Tx antenna correlation and antenna imbalance [0 -3]. Note that a negative value of Tx Ec/N0 indicates a gain.
	AWGN, TxCorr 0 
Ant. imb. (0 -3)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.5
	0
	0
	0.5
	0
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.5
	0.1
	0.1
	0.5
	0.1
	0.1
	0
	0
	0

	SATD prac 100
	0.5
	0.1
	0
	0.7
	0.2
	0.1
	2.5
	2.4
	2.6

	SATD prac 4
	0.6
	0.2
	0.2
	1.3
	0.9
	0.9
	34
	34
	34

	Beam Genie
	0.5
	0.1
	0
	-1.2
	-1.5
	-1.7
	0
	0
	0

	Beam prac
	0.5
	0.2
	0.1
	-0.6
	-0.8
	-1
	250
	250
	250


Table 7: Results showing Ec /N0 relative to No Tx diversity (None) with 6 slots filtering for AWGN with no Tx antenna correlation and antenna imbalance [0 -6]. Note that a negative value of Tx Ec/N0 indicates a gain.
	AWGN, TxCorr 0 
Ant. imb. (0 -6)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.5
	0
	0
	0.5
	0
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.5
	0.1
	0
	0.5
	0
	0.1
	0
	0
	0

	SATD prac 100
	1.2
	0.1
	0.1
	0.6
	0.2
	0.1
	2.0
	2.1
	2.0

	SATD prac 4
	0.5
	0.8
	0.7
	2.3
	2.1
	1.9
	34
	34
	34

	Beam Genie
	0.5
	0.1
	0
	0
	-0.4
	-0.5
	0
	0
	0

	Beam prac
	0.5
	0.2
	0.1
	0.5
	0.2
	0
	250
	250
	250


Table 8: Results showing Ec /N0 relative to No Tx diversity (None) with 6 slots filtering for AWGN with no Tx antenna correlation and antenna imbalance [0 +3]. Note that a negative value of Tx Ec/N0 indicates a gain.
	AWGN, TxCorr 0 
Ant. imb. (0 +3)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.5
	0
	0
	0.5
	0
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.5
	0.1
	0.1
	-2.5
	-2.9
	-2.9
	0
	0
	0

	SATD prac 100
	0.5
	0.1
	0
	-2.3
	-2.8
	-2.9
	2.5
	2.4
	2.6

	SATD prac 4
	0.6
	0.2
	0.2
	-1.7
	-2.1
	-2.1
	34
	34
	34

	Beam Genie
	0.5
	0.1
	0
	-4.2
	-4.5
	-4.7
	0
	0
	0

	Beam prac
	0.5
	0.2
	0.1
	-3.6
	-3.8
	-4
	250
	250
	250
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Figure 1: CDF over Tx Ec for AWGN, no antenna imbalance, no correlation and 6 slots channel filtering.
7.2 Results for Pedestrian A, 3km/h

Table 9: Results showing Ec /N0 relative to No Tx diversity (None) with 6 slots filtering for PA3 with Tx antenna correlation equal to 0.3 and no antenna imbalance. Note that a negative value of Tx Ec/N0 indicates a gain.
	PA3, TxCorr 0.3 
Ant. imb. (0 0)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	0
	0
	0.7
	0
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.7
	0.2
	0.2
	-1.2
	-1.8
	-1.7
	11
	11
	11

	SATD prac 100
	0.8
	0.3
	0.2
	0.3
	-0.2
	-0.1
	2.8
	3.0
	3.1

	SATD prac 4
	1.3
	1
	1.3
	-0.2
	-0.5
	-0.1
	40
	39
	40

	Beam Genie
	0.7
	0.1
	0
	-2.3
	-2.9
	-3.0
	159
	159
	159

	Beam prac
	0.7
	0.1
	0.1
	-0.2
	-0.8
	-1.1
	250
	250
	250
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Figure 2: CDF over Rx Ec for PA3, no antenna imbalance, no correlation and 6 slots channel filtering.
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Figure 3: CDF over Tx Ec for PA3, no antenna imbalance, no correlation and 6 slots channel filtering.
7.3 Results for Vehicular A, 30km/h

Table 10: Results showing Ec /N0 relative to No Tx diversity (None) with 6 slots filtering for VA30 with no Tx antenna correlation and no antenna imbalance. Note that a negative value of Tx Ec/N0 indicates a gain.
	VA30, TxCorr 0 
Ant. imb. (0 0)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	-0.2
	0
	0.6
	-0.3
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.8
	0.2
	1.1
	0.5
	-0.2
	0.8
	36
	36
	36

	SATD prac 100
	0.7
	-0.3
	0.2
	0.6
	-0.4
	0.1
	2.9
	2.9
	2.9

	SATD prac 4
	0.8
	0.2
	1.1
	0.6
	-0.1
	0.9
	38
	38
	38

	Beam Genie
	0.5
	-0.3
	0.8
	-1.2
	-2
	-0.8
	972
	972
	972

	Beam prac
	0.6
	-0.2
	0.2
	0.5
	-0.3
	0.1
	250
	250
	250


Table 11: Results showing Ec /N0 relative to No Tx diversity (None) with 6 slots filtering for VA30 with no Tx antenna correlation and antenna imbalance [0 +3]. Note that a negative value of Tx Ec/N0 indicates a gain.
	VA30, TxCorr 0 
Ant. imb. (0 +3)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	-0.2
	0
	0.6
	-0.3
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.7
	-0.2
	0.4
	-2.2
	-3.2
	-2.5
	7.5
	7.5
	7.5

	SATD prac 100
	0.7
	-0.2
	0.3
	-1.9
	-2.9
	-2.4
	2.9
	3.1
	3.0

	SATD prac 4
	1.1
	0.5
	1.5
	-1.1
	-1.7
	-0.7
	39
	39
	40

	Beam Genie
	0.5
	-0.4
	0.6
	-2.9
	-3.8
	-2.8
	972
	972
	972

	Beam prac
	0.7
	-0.3
	0.1
	-1.2
	-2.2
	-1.7
	250
	250
	250


Table 12: Results showing Ec /N0 relative to No Tx diversity (None) with 6 slots filtering for VA30 with no Tx antenna correlation and antenna imbalance [0 -3]. Note that a negative value of Tx Ec/N0 indicates a gain.
	VA30, TxCorr 0 
Ant. imb. (0 -3)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	-0.2
	0
	0.6
	-0.3
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.7
	-0.2
	0.4
	0.8
	-0.2
	0.5
	7.5
	7.5
	7.5

	SATD prac 100
	0.7
	-0.2
	0.3
	1.1
	0.1
	0.6
	2.9
	3.1
	3.0

	SATD prac 4
	1.1
	0.5
	1.5
	1.9
	1.3
	2.3
	39
	39
	40

	Beam Genie
	0.5
	-0.4
	0.6
	0.1
	-0.8
	0.2
	972
	972
	972

	Beam prac
	0.7
	-0.3
	0.1
	1.8
	0.8
	1.3
	250
	250
	250


Table 13: Results showing Ec /N0 relative to No Tx diversity (None) with 6 slots filtering for VA30 with no Tx antenna correlation and antenna imbalance [0 -6]. Note that a negative value of Tx Ec/N0 indicates a gain.
	VA30, TxCorr 0 
Ant. imb. (0 -6)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	-0.2
	0
	0.6
	-0.3
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.7
	-0.3
	0.1
	0.6
	-0.4
	0
	0.04
	0.04
	0.04

	SATD prac 100
	0.7
	-0.2
	0.2
	0.8
	-0.1
	0.4
	2.5
	2.6
	2.5

	SATD prac 4
	2
	1.2
	2.1
	3.2
	2.4
	3.3
	40
	40
	40

	Beam Genie
	0.4
	-0.5
	0.3
	1.1
	0.2
	0.9
	972
	972
	972

	Beam prac
	0.6
	-0.3
	0.2
	2.6
	1.6
	2.1
	250
	250
	250


Table 14: Results showing Ec /N0 relative to No Tx diversity (None) with 6 slots filtering for VA30 with Tx antenna correlation equal to 0.3 and no antenna imbalance. Note that a negative value of Tx Ec/N0 indicates a gain.
	VA30, TxCorr 0.3 

Ant. imb. (0 0)
	Relative Rx Ec/N0


	Relative Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	0.7
	-0.2
	0
	0.6
	-0.3
	0
	N/A
	N/A
	N/A

	SATD Genie
	0.8
	0
	0.7
	0.5
	-0.2
	0.5
	37
	37
	37

	SATD prac 100
	0.6
	-0.2
	0.2
	0.5
	-0.3
	0.1
	3.0
	2.8
	3.2

	SATD prac 4
	0.8
	0.1
	0.9
	0.6
	-0.2
	0.7
	38
	38
	38

	Beam Genie
	0.5
	-0.3
	0.7
	-1.4
	-2.2
	-1.2
	865
	865
	865

	Beam prac
	0.7
	-0.3
	0.1
	0.4
	-0.7
	-0.2
	250
	250
	250
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Figure 4: CDF over Tx Ec for VA30, no antenna imbalance, no correlation and 6 slots channel filtering.
7.4 Results on the absolute Rx and Tx values

This section presents the absolute values of the received and transmitted Ec/N0 for the studied cases.
7.4.1 PA3 channel and antenna correlation 0
Table 15: Results for PA3 with no Tx antenna correlation and no antenna imbalance.
	PA3, TxCorr 0
Ant. imb. (0 0)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-9.5
	-10.2
	-10.2
	-7.2
	-7.9
	-7.9
	N/A
	N/A
	N/A

	SATD Genie
	-9.5
	-10.0
	-9.8
	-9.2
	-9.7
	-9.5
	11
	11
	11

	SATD prac 100
	-9.3
	-9.7
	-10.0
	-7.5
	-8.2
	-8.3
	3.1
	3.1
	3.1

	SATD prac 4
	-8.9
	-9.2
	-8.7
	-8.1
	-8.4
	-7.8
	40
	40
	40

	Beam Genie
	-9.5
	-10.1
	-10.2
	-10.1
	-10.8
	-10.9
	174
	174
	174

	Beam prac
	-9.4
	-10.0
	-10.2
	-7.7
	-8.4
	-8.6
	250
	250
	250


Table 16: Results for PA3 with no antenna correlation and antenna imbalance [0 +3].
	PA3, TxCorr 0
Ant. imb. (0 +3)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-9.5
	-10.2
	-10.2
	-7.2
	-7.9
	-7.9
	N/A
	N/A
	N/A

	SATD Genie
	-9.4
	-10.0
	-9.9
	-10.9
	-11.5
	-11.4
	8.6
	8.6
	8.6

	SATD prac 100
	-9.4
	-9.9
	-9.9
	-9.6
	-10.2
	-10.3
	3.0
	3.2
	3.1

	SATD prac 4
	-8.6
	-8.9
	-8.4
	-9.5
	-9.9
	-9.4
	40
	40
	40

	Beam Genie
	-9.5
	-10.1
	-10.2
	-11.8
	-12.4
	-12.5
	174
	174
	174

	Beam prac
	-9.4
	-10.0
	-10.2
	-9.3
	-10.1
	-10.2
	250
	250
	250


Table 17: Results for PA3 with no antenna correlation and antenna imbalance [0 -3].
	PA3, TxCorr 0
Ant. imb. (0 -3)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-9.5
	-10.2
	-10.2
	-7.2
	-7.9
	-7.9
	N/A
	N/A
	N/A

	SATD Genie
	-9.4
	-10.0
	-9.9
	-7.9
	-8.5
	-8.4
	8.6
	8.6
	8.6

	SATD prac 100
	-9.4
	-9.9
	-9.9
	-6.6
	-7.2
	-7.3
	3.0
	3.2
	3.1

	SATD prac 4
	-8.6
	-8.9
	-8.4
	-6.5
	-6.9
	-6.4
	40
	40
	40

	Beam Genie
	-9.5
	-10.1
	-10.2
	-8.8
	-9.4
	-9.5
	174
	174
	174

	Beam prac
	-9.4
	-10.0
	-10.2
	-6.3
	-7.1
	-7.2
	250
	250
	250


Table 18: Results for PA3 with no antenna correlation and antenna imbalance [0 -6].
	PA3, TxCorr 0
Ant. imb. (0 -6)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-9.5
	-10.2
	-10.2
	-7.2
	-7.9
	-7.9
	N/A
	N/A
	N/A

	SATD Genie
	-9.4
	-10.0
	-10.0
	-7.3
	-7.9
	-7.9
	4.7
	4.7
	4.7

	SATD prac 100
	-9.3
	-9.9
	-10.0
	-6.3
	-6.6
	-6.8
	2.8
	3.0
	2.9

	SATD prac 4
	-7.7
	-8.1
	-7.8
	-4.9
	-5.4
	-5.1
	40
	40
	40

	Beam Genie
	-9.8
	-10.1
	-10.2
	-7.7
	-8.2
	-8.4
	174
	174
	174

	Beam prac
	-9.4
	-10.1
	-10.3
	-5.4
	-6.1
	-6.3
	250
	250
	250


7.4.2 Results for AWGN

Table 19: Results for AWGN with no Tx antenna correlation and no antenna imbalance.
	AWGN, TxCorr 0
Ant. imb. (0 0)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-10.9
	-11.4
	-11.4
	-10.9
	-11.4
	-11.4
	N/A
	N/A
	N/A

	SATD Genie
	-10.9
	-11.3
	-11.4
	-10.9
	-11.3
	-11.4
	0
	0
	0

	SATD prac 100
	-10.9
	-11.3
	-11.4
	-10.9
	-11.3
	-11.4
	2.6
	2.6
	2.6

	SATD prac 4
	-10.9
	-11.3
	-11.4
	-10.9
	-11.3
	-11.4
	31
	31
	31

	Beam Genie
	-10.9
	-11.3
	-11.4
	-13.9
	-14.3
	-14.4
	0
	0
	0

	Beam prac
	-10.9
	-11.3
	-11.4
	-13.3
	-13.7
	-13.8
	250
	250
	250


Table 20: Results for AWGN with no Tx antenna correlation and antenna imbalance [0 -3].
	AWGN, TxCorr 0 
Ant. imb. (0 -3)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-10.9
	-11.4
	-11.4
	-10.9
	-11.4
	-11.4
	N/A
	N/A
	N/A

	SATD Genie
	-10.9
	-11.3
	-11.3
	-10.9
	-11.3
	-11.3
	0
	0
	0

	SATD prac 100
	-10.9
	-11.3
	-11.4
	-10.7
	-11.2
	-11.3
	2.5
	2.4
	2.6

	SATD prac 4
	-10.8
	-11.2
	-11.2
	-10.1
	-10.5
	-10.5
	34
	34
	34

	Beam Genie
	-10.9
	-11.3
	-11.4
	-12.6
	-12.9
	-13.1
	0
	0
	0

	Beam prac
	-10.9
	-11.2
	-11.3
	-12.0
	-12.2
	-12.4
	250
	250
	250


Table 21: Results for AWGN with no Tx antenna correlation and antenna imbalance [0 -6].
	AWGN, TxCorr 0 
Ant. imb. (0 -6)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-10.9
	-11.4
	-11.4
	-10.9
	-11.4
	-11.4
	N/A
	N/A
	N/A

	SATD Genie
	-10.9
	-11.3
	-11.4
	-10.9
	-11.4
	-11.3
	0
	0
	0

	SATD prac 100
	-10.2
	-11.3
	-11.3
	-10.8
	-11.2
	-11.3
	2.0
	2.1
	2.0

	SATD prac 4
	-10.9
	-10.6
	-10.7
	-9.1
	-9.3
	-9.5
	34
	34
	34

	Beam Genie
	-10.9
	-11.3
	-11.4
	-11.4
	-11.8
	-11.9
	0
	0
	0

	Beam prac
	-10.9
	-11.2
	-11.3
	-10.9
	-11.2
	-11.4
	250
	250
	250


Table 22: Results for AWGN with no Tx antenna correlation and antenna imbalance [0 +3].
	AWGN, TxCorr 0 
Ant. imb. (0 +3)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-10.9
	-11.4
	-11.4
	-10.9
	-11.4
	-11.4
	N/A
	N/A
	N/A

	SATD Genie
	-10.9
	-11.3
	-11.3
	-13.9
	-14.3
	-14.3
	0
	0
	0

	SATD prac 100
	-10.9
	-11.3
	-11.4
	-13.7
	-14.2
	-14.3
	2.5
	2.4
	2.6

	SATD prac 4
	-10.8
	-11.2
	-11.2
	-13.1
	-13.5
	-13.5
	34
	34
	34

	Beam Genie
	-10.9
	-11.3
	-11.4
	-15.6
	-15.9
	-16.1
	0
	0
	0

	Beam prac
	-10.9
	-11.2
	-11.3
	-15.0
	-15.2
	-15.4
	250
	250
	250


7.4.3 Results for Ped A and antenna correlation

Table 23: Results for PA3 with Tx antenna correlation equal to 0.3 and no antenna imbalance.
	PA3, TxCorr 0.3 
Ant. imb. (0 0)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-9.5
	-10.2
	-10.2
	-7.2
	-7.9
	-7.9
	N/A
	N/A
	N/A

	SATD Genie
	-9.5
	-10.0
	-10.0
	-9.1
	-9.7
	-9.6
	11
	11
	11

	SATD prac 100
	-9.4
	-9.9
	-10.0
	-7.6
	-8.1
	-8.0
	2.8
	3.0
	3.1

	SATD prac 4
	-8.9
	-9.2
	-8.9
	-8.1
	-8.4
	-8.0
	40
	39
	40

	Beam Genie
	-9.5
	-10.1
	-10.2
	-10.2
	-10.8
	-10.9
	159
	159
	159

	Beam prac
	-9.5
	-10.1
	-10.1
	-8.1
	-8.7
	-9.0
	250
	250
	250


7.4.4 Results for VA30 with no antenna correlation

Table 24: Results for VA30 with no Tx correlation and no antenna imbalance.
	VA30, TxCorr 0 
Ant. imb. (0 0)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-8.4
	-9.3
	-9.1
	-7.8
	-8.7
	-8.4
	N/A
	N/A
	N/A

	SATD Genie
	-8.3
	-8.9
	-8.0
	-7.9
	-8.6
	-7.6
	36
	36
	36

	SATD prac 100
	-8.4
	-9.4
	-8.9
	-7.8
	-8.8
	-8.3
	2.9
	2.9
	2.9

	SATD prac 4
	-8.3
	-8.9
	-8.0
	-7.8
	-8.5
	-7.5
	38
	38
	38

	Beam Genie
	-8.6
	-9.4
	-8.3
	-9.6
	-10.4
	-9.2
	972
	972
	972

	Beam prac
	-8.5
	-9.3
	-8.9
	-7.9
	-8.7
	-8.3
	250
	250
	250


Table 25: Results for VA30 with no Tx antenna correlation and antenna imbalance [0 +3].

	VA30, TxCorr 0 
Ant. imb. (0 +3)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-8.4
	-9.3
	-9.1
	-7.8
	-8.7
	-8.4
	N/A
	N/A
	N/A

	SATD Genie
	-8.4
	-9.3
	-8.7
	-10.6
	-11.6
	-10.9
	7.5
	7.5
	7.5

	SATD prac 100
	-8.4
	-9.3
	-8.8
	-10.3
	-11.3
	-10.8
	2.9
	3.1
	3.0

	SATD prac 4
	-8.0
	-8.6
	-7.6
	-9.5
	-10.1
	-9.1
	39
	39
	40

	Beam Genie
	-8.6
	-9.5
	-8.5
	-11.3
	-12.2
	-11.2
	972
	972
	972

	Beam prac
	-8.4
	-9.4
	-9.0
	-9.6
	-10.6
	-10.1
	250
	250
	250


Table 26: Results for VA30 with no Tx antenna correlation and antenna imbalance [0 -3].
	VA30, TxCorr 0 
Ant. imb. (0 -3)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-8.4
	-9.3
	-9.1
	-7.8
	-8.7
	-8.4
	N/A
	N/A
	N/A

	SATD Genie
	-8.4
	-9.3
	-8.7
	-7.6
	-8.6
	-7.9
	7.5
	7.5
	7.5

	SATD prac 100
	-8.4
	-9.3
	-8.8
	-7.3
	-8.3
	-7.8
	2.9
	3.1
	3.0

	SATD prac 4
	-8.0
	-8.6
	-7.6
	-6.5
	-7.1
	-6.1
	39
	39
	40

	Beam Genie
	-8.6
	-9.5
	-8.5
	-8.3
	-9.2
	-8.2
	972
	972
	972

	Beam prac
	-8.4
	-9.4
	-9.0
	-6.6
	-7.6
	-7.1
	250
	250
	250


Table 27: Results for VA30 wit hno Tx antenna correlation and antenna imbalance [0 -6].
	VA30, TxCorr 0 
Ant. imb. (0 -6)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-8.4
	-9.3
	-9.1
	-7.8
	-8.7
	-8.4
	N/A
	N/A
	N/A

	SATD Genie
	-8.4
	-9.4
	-9.0
	-7.8
	-8.8
	-8.4
	0.04
	0.04
	0.04

	SATD prac 100
	-8.4
	-9.3
	-8.9
	-7.6
	-8.5
	-8.0
	2.5
	2.6
	2.5

	SATD prac 4
	-7.1
	-7.9
	-7.0
	-5.2
	-6.0
	-5.1
	40
	40
	40

	Beam Genie
	-8.7
	-9.6
	-8.8
	-7.3
	-8.2
	-7.5
	972
	972
	972

	Beam prac
	-8.5
	-9.4
	-8.9
	-5.8
	-6.8
	-6.3
	250
	250
	250


7.4.5 Results for VA30 with antenna correlation

Table 28: Results for VA30 with Tx antenna correlation equal to 0.3 and no antenna imbalance.
	VA30, TxCorr 0.3 

Ant. imb. (0 0)
	Rx Ec/N0


	Tx Ec/N0


	Switches



	Filtering (slots)
	1
	3
	6
	1
	3
	6
	1
	3
	6

	None
	-8.4
	-9.3
	-9.1
	-7.8
	-8.7
	-8.4
	N/A
	N/A
	N/A

	SATD Genie
	-8.3
	-9.1
	-8.4
	-7.9
	-8.8
	-7.9
	37
	37
	37

	SATD prac 100
	-8.5
	-9.3
	-8.9
	-7.9
	-8.7
	-8.3
	3.0
	2.8
	3.2

	SATD prac 4
	-8.3
	-9.0
	-8.2
	-7.8
	-8.6
	-7.7
	38
	38
	38

	Beam Genie
	-8.6
	-9.4
	-8.4
	-9.8
	-10.6
	-9.6
	865
	865
	865

	Beam prac
	-8.4
	-9.4
	-9.0
	-8.0
	-9.1
	-8.6
	250
	250
	250
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