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Introduction

It has been shown in the link simulations results from several companies in [1] Section 6.1.2 that the Rx Ec/No due to Switched Antenna Transmit Diversity (SATD) is somewhat higher than the baseline case (no transmit diversity). In this document, we provide an analysis on the cause of this Rx Ec/No. 
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Simulation Assumptions 

An updated set of simulation assumptions was agreed in the previous RAN WG1 meeting [2] for both OL switched antenna transmit diversity as well as for beamforming. The simulation results provided in the next section are a subset of the suite of simulations proposed. The simulation settings that pertain specifically to the results shown are given in Table 1. The antenna correlation and imbalance have been modelled in accordance with Section 5 in [2].
Table 1: Open Loop Transmit Diversity – Antenna Switching Link Simulation Assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH

	E-DCH TTI [ms]
	2

	Modulation
	QPSK

	TBS [bits]
	2020

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/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 – 3 slot filtering

	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

	NodeB Receiver Type
	Rake Receiver

	Antenna imbalance [dB]
	0

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF


3

Analysis of NodeB Receiver Impact 

A practical antenna switching algorithm was used in the simulation. The algorithm is defined in [1] Section 4.3.1 with forced switching after 14 frames. The genie algorithm as defined in [1] Section 4.2.1 was also simulated.

Table 2 shows the average set point comparisons for the baseline, genie and the practical algorithm. The average set point is computed over the duration of the simulation.
Table 2: Set point comparison between baseline, genie and practical algorithms

	
	Baseline (No TD)
	Genie SATD
	Practical SATD

	Average Set point [dB]
	-18.63
	-18.68
	-18.62


It can be seen from Table 2 that the difference in the average set point for all the three schemes is <0.1dB. Therefore, the increase that is observed in the link simulation results (see Section 6.1.2 in [1]) does not result from an increase in the set point when transmit diversity is employed.
To analyze the cause of the Rx Ec/No increase in the case of the practical SATD algorithm, we examine the channel power behavior before and after an antenna switch occurs. Specifically, the difference in the channel power averaged over a frame before and after a switch is shown in Figure 1. If a switch occurs at the boundary of frame n, then
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is the slot index. The channel is averaged over the frame, i.e, 
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is the frame index. The antenna switch occurs at the boundary of frame n.
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are the antenna indices. The antenna index at the switch point changes from 
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Figure 1: Distribution of the difference in channel powers averaged over a frame before and after an antenna switch.
It can be seen from Figure 1 that the difference in channel powers before and after an antenna switch is positive for the most part. The practical antenna switching algorithm attempts to ensure that switching occurs when the channel as a result of the switch is better. Figure 1 seems to corroborate this effect. Note also that there are a number of instances when the difference is negative. This can be attributed to the occasions when an antenna switch is made to the worse channel. This occurs due to the forced switching that occurs after every 14 frames. 
Figure 2 shows the distribution of the difference in the UE transmit powers before and after a switch for the practical SATD algorithm. Specifically, if a switch occurs at the boundary of frame n, then
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where the number 15 indicates that it is the 15th and final slot of the frame.
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Figure 2: Distribution of the UE Tx powers before and after an antenna switch.
Figure 2 shows that the UE transmit power reduces after an antenna switch since the difference is negative for the most part. This is due to the improvement in the channel as seen in Figure 1. The cases where the UE transmit power increases (positive difference) correspond to the cases where the channel deteriorates after a switch. 

Figure 3 shows the distribution of the difference in the average Rx Ec/No (actual or true) and the average Rx Ec/No (estimated for TPC generation) before and after a switch. Note that the Rx Ec/No is estimated at the NodeB receiver on a per slot basis for generation of the TPC commands. If a switch occurs at the boundary of frame n, then
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is the slot index. The channel is averaged over the frame, i.e, 
[image: image14.wmf]15

...

1

=

k



[image: image15.wmf]n

is the frame index. The antenna switch occurs at the boundary of frame n.
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Figure 3: Distribution of the true/actual and estimated Rx Ec/No difference averaged over a frame before and after an antenna switch.
Figure 3 shows that the Rx Ec/No increases after a switch for the most part. This is due to the fact that the channel improves due to the switch. The increase in Rx SNR would have to be compensated by inner loop power control commands which may take a frame or two to bring down the Rx Ec/No to the set point value. In the meantime, the increased Rx Ec/No reception at the NodeB causes the increase in Rx Ec/No at the NodeB that was seen in the link simulations performed.
To examine this effect further, figure 4 shows the distribution of the differences in the averaged true and estimated Rx Ec/No from one frame to the next when a switch does not occur.
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Figure 4: Distribution of the true/actual and estimated Rx Ec/No difference averaged over a frame when an antenna switch does not occur.
Figure 4 shows that it is equally likely for the Rx Ec/No (true or estimated) to increase or decrease in any given pair of frames when a switch does not occur. This behavior is expected when a single antenna is used for transmission as the power control commands attempt to stabilize the Rx Ec/No to the set point value. The same behavior is seen in the baseline case with no transmit diversity as shown in Figure 5.
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Figure 5: Distribution of the true/actual and estimated Rx Ec/No difference averaged over a frame for the Baseline.
It can be seen in Figure 5 that the distribution of the difference in Rx Ec/No mirrors the distribution in figure 4. If the distribution of the Rx Ec/No is the same as the baseline when a switch does not occur, then the increase in Rx Ec/No must result from the increase seen due to a switch to an antenna with a better channel. 

To demonstrate this effect further we examine the difference in the channel averaged over a frame before and after a switch in situations when the Rx Ec/No increases after an antenna switch in Figure 6. This corresponds to all the cases where the difference in the true Rx Ec/No is positive in Figure 3. 
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Figure 6: Distribution of the difference in channel powers averaged over a frame before and after an antenna switch when the average true Rx Ec/No increases after a switch.
Figure 6 shows that the increase in Rx Ec/No corresponds to a improvement in the channel after a switch. Indeed, the mean of the distribution in Figure 6 is higher than the mean in Figure 1. The difference in the means correspond to the increase in Rx Ec/No seen at the NodeB receiver. 
Figure 7 shows the distribution of the difference in the UE transmit powers before and after a switch in situations when the Rx Ec/No increases after an antenna. This corresponds to all the cases where the difference in the true Rx Ec/No is positive in Figure 3. 
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Figure 7: Distribution of the UE Tx powers before and after an antenna switch when the average true Rx Ec/No increases after a switch.
Figure 7 shows that the UE Tx power reduces in the frame after a switch. This is due to the improvements in channel conditions after a switch and is in accordance with the distribution seen in Figure 6. Note also that the mean of the distribution in Figure 7 is lesser than the mean in Figure 2.
Note further that since the set points for the baseline and the SATD schemes are the same, there is no impact due to phase discontinuities in channel estimation. This is further seen in Figures 8 and 9, which shows the distribution of the set point over the duration of the simulation for the baseline and the SATD schemes.
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Figure 8: Distribution of the Set point for (a): SATD and (b): Baseline.
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Figure 9: CDF of the Set point for a practical SATD algorithm and the Baseline.

It can be seen from figures 8 and 9 that the distribution of the set points for the SATD and baseline schemes are similar. Indeed, the difference in means <0.1 and the difference in variance <0.05. Therefore we can conclude that impacts to channel estimation and data decoding due to antenna switching are negligible.
Similar trends can be observed in a corresponding system simulation as seen in Figure 10.
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Figure 10: Increase in the set point and the mean Rx Ecp/Nt due to SATD when compared to the Baseline
Figure 10 shows that the set point increase is <0.1dB whereas the Rx Ecp/Nt increases by 0.26dB. The trends in a system simulation match the ones seen in the link simulations. Therefore, it is considered that that any further modeling of the Rx impact, for e.g., by adding a back off is unnecessary since the increase in the Rx SNR is implicitly captured by the variation of the channel. 
Based on Figures 1-10, we can conclude that the increase in Rx Ec/No is due to an improvement in channel conditions brought about due to a switch. Additionally, any deleterious impacts on the receiver due to a switch are negligible. Instead, the excess Rx Ec/No is likely to benefit UE throughputs by fostering early terminations. For additional evidence see Figure 11 in the Annex which contains a trace of a switch in the simulation as well the different relevant metrics.

3 
Conclusions

In this contribution, the impact of SATD on the NodeB receiver was examined by analyzing the distributions of the frame averaged channel, UE transmit power and the frame averaged Rx Ec/No at the point of an antenna switch.

The results showed that the set point was similar for the baseline and a practical SATD scheme which indicated that there are minimal effects on the channel estimation and the data decoding due to antenna switching. Instead, it was observed that the increase in average Rx Ec/No at the Node B receiver was due to an improvement in channel conditions as a result of the switch. While the inner loop power control does compensate for the excess Rx Ec/No, the delay in this compensation causes the increase in Ec/No at the NodeB. This increase should in principle benefit the UE throughput by enabling early terminations. A similar trend is also seen in the system simulation of SATD.
In conclusion, it is considered that since the effects of the Rx Ec/No are implicitly captured in the system simulation, additional modelling of the NodeB receiver impact is unnecessary.
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Annex

Figure 11 shows the trace of a typical antenna switch. The figure also includes channel power, Rx Ec/No (true and estimated), The TPC commands that were received and the UE transmit power. The x axis is in units of slots.
[image: image28.emf]0 10 20 30 40 50 60

1

2

Antenna

0 10 20 30 40 50 60

-10

0

10

Channel [dB]

0 10 20 30 40 50 60

-40

-20

0

Tx power [dB]

0 10 20 30 40 50 60

-40

-20

0

Rx SNR (true) [dB]

0 10 20 30 40 50 60

-40

-20

0

Rx SNR (estimated) [dB]

0 10 20 30 40 50 60

-1

0

1

TPC commands [dB]


Figure 11: Trace of an antenna switch.
The first plot in Figure 11 corresponds to the Antenna index over time. Note that the index changes from 1 to 2 around slot 15 indicating a switch. The second plot in Figure 11 shows the channel over time seen at the input to the NodeB receiver. Note that there is marked increase in the channel power at the point of the switch. The third plot shows the UE Tx power over time. Note that the UE Tx power decreases gradually after the switch due to the improved channel. The fourth and fifth plots show the true and estimated Rx Ec/No over time. Note that there is a increase in the Rx SNR at the point of the switch. This increase is compensated for by the TPC commands which are shown in the sixth plot. A number of TPC commands (-1) are received at the UE due to the switch. Although the TPC commands do attempt to compensate for the increase in Rx Ec/No, it takes around 1.5 frames for the Rx SNR to return to the pre-switch values. This effect is therefore is responsible for the impact on the NodeB receiver due to SATD.
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