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1
Introduction
In this contribution, based on the discussion in [1], we provide a text proposal to capture the impacts to NodeB demodulation when ULTD (SATD/BFTD) is enabled.
2
Text Proposal

***************************************TEXT STARTS HERE**********************************
12
Impacts to NodeB Receiver due to ULTD

12.1
Practical NodeB Receiver Description

In this study, we evaluate the impact of both Switched Antenna Transmit Diversity (SATD) and Beamforming Transmit Diversity (BFTD) on a practical NodeB receiver which includes a practical implementation of 
· DCH searcher and associated finger management techniques (12.1.1)
· Channel estimation and time tracking loop (12.1.2)
12.1.1
DCH Searcher and Finger Management
***************************************TEXT OMITTED**********************************
12.1.2
Practical Channel Estimation and Time Tracking Loop
A practical channel estimation algorithm was assumed in this study. The channel estimator is a 4-slot non-causal FIR filter with coefficients [h[n+1] h[n] h[n-1] h[n-2]] = [0.4 0.3 0.2 0.1] .In addition, a time tracking loop (TTL) is enabled in this simulation. The initial finger offsets are set to be in accordance with the channel delay profile. However, the fingers locations change over the duration of the simulation according to the TTL. 
The simulation assumptions used are a subset of the assumptions in Section 5.1. This simulation was conducted using 2ms TTI with a TBS of 2020. Additionally, the Tx and Rx antenna correlations were assumed to be 0. UE DTX was also turned off. 
Table x1 shows the channel delay profile and the initial finger assignments for the PA3 channel. 
The number of fingers assigned corresponds to the output of a practical searcher operating on a PA3 channel as observed in Section 12.1.1
Table x1: Channel delay profile and Finger Assignment – ITU Ped A 3 km/hr

	Delay 

[ns]
	0
	110
	190
	410

	Delay 

[Tc/8]
	0
	3
	6
	13

	Initial TTL finger assignment 

[Tc/8]
	0
	Not Assigned
	Not Assigned
	Not Assigned




	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


12.2
Switched Antenna Transmit Diversity

12.2.1
DCH Finger and Finger Management

12.2.1.1
Link Simulation Results
***************************************TEXT OMITTED**********************************
12.2.1.2
Observations

***************************************TEXT OMITTED**********************************


12.2.2
Practical Channel Estimation and Time Tracking Loop
12.2.2.1
Link Simulation Results

Table x3 shows the average set point comparisons for the baseline and practical algorithms. The average set point is computed over the duration of the simulation.

Table x3: Set point comparison between baseline and practical algorithms

	
	Baseline (No TD)
	Practical SATD

	Average Set point [dB]
	-18.44
	-18.37


It can be seen from Table x3 that the difference in the average set point 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 in the next section. 
12.2.2.2
Observations
The difference in the channel power averaged over a frame before and after a switch is shown in Figure x1. 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 x1: Distribution of the difference in channel powers averaged over a frame before and after an antenna switch.

It can be seen from Figure x1 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 x2 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 x2: Distribution of the UE Tx powers before and after an antenna switch.

Figure x2 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 x1. The cases where the UE transmit power increases (positive difference) correspond to the cases where the channel deteriorates after a switch. 

Figure x3 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, 
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is the frame index. The antenna switch occurs at the boundary of frame n.
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Figure x3: Distribution of the true/actual and estimated Rx Ec/No difference averaged over a frame before and after an antenna switch.

Figure x3 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 x4 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.

[image: image18.emf]-15 -10 -5 0 5 10 15

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

 Difference in true Rx SNR when no switch occurs[dB]

 [image: image19.emf]-15 -10 -5 0 5 10

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

 Difference in estimated Rx SNR when no switch occurs[dB]


Figure x4: Distribution of the true/actual and estimated Rx Ec/No difference averaged over a frame when an antenna switch does not occur.

Figure x4 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 x5.
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Figure x5: Distribution of the true/actual and estimated Rx Ec/No difference averaged over a frame for the Baseline.

It can be seen in Figure x5 that the distribution of the difference in Rx Ec/No mirrors the distribution in Figure x4. 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 x6. This corresponds to all the cases where the difference in the true Rx Ec/No is positive in Figure x3. 
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Figure x6: 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 x6 shows that the increase in Rx Ec/No corresponds to an improvement in the channel after a switch. Indeed, the mean of the distribution in Figure x6 is higher than the mean in Figure x1. The difference in the means correspond to the increase in Rx Ec/No seen at the NodeB receiver. 

Figure x7 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 x3. 
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Figure x7: Distribution of the UE Tx powers before and after an antenna switch when the average true Rx Ec/No increases after a switch.

Figure x7 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 x6. Note also that the mean of the distribution in Figure x7 is lesser than the mean in Figure x2.

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 x8 and  x9, 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 x8: Distribution of the Set point for (a): SATD and (b): Baseline.
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Figure x9: CDF of the Set point for a practical SATD algorithm and the Baseline.

It can be seen from Figures x8 and x9 that the distribution of the set points for the SATD and baseline schemes are similar. Indeed, the difference in means is <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 x10.

[image: image27.emf]
Figure x10: Increase in the set point and the mean Rx Ecp/Nt due to SATD when compared to the Baseline

Figure x10 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 x1-x10, 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 x11 which contains a trace of a switch in the simulation as well the different relevant metrics.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. 
The first plot in Figure 11 corresponds to the Antenna index over time. Note that the index changes from 2 to 1 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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Figure x11: Trace of an antenna switch.



12.3
Beamforming Transmit Diversity
12.3.1
DCH Finger and Finger Management

12.3.1.1
Link Simulation Results

***************************************TEXT OMITTED**********************************
12.3.1.2
Observations

***************************************TEXT OMITTED**********************************

***************************************TEXT OMITTED**********************************
12.3.2
Practical Channel Estimation and Time Tracking Loop
12.3.2.1
Link Simulation Results

The practical BFTD Algorithm 2 as defined in Section 4.3.2 was used in the simulation. The symmetric phase implementation was used in the simulation with phase offset, 
[image: image29.wmf]d

= 48 degrees and 
[image: image30.wmf]e

= 12 degrees. The antenna imbalance is set to 0dB and the transmit antenna correlation is 0. The ITU Pedestrian A 3km/hr channel is used in the simulation.

Table y1 shows the Rx Ecp/No and Tx Ecp/No gains for beamforming transmit diversity over the baseline (no TD). 

Table y1: Beamforming Transmit Diversity Gains; Practical Algorithm 2 with symmetric phase implementation

	
	Rx Ecp/No [dB]
	Tx Ecp/No [dB]

	
	No TD
	BFTD
	Gain [dB]
	No TD
	BFTD
	Gain [dB]

	PA3
	-18.88
	-18.81
	-0.07
	-18.7
	-20.75
	2.05


It can be seen from Table y2 that there is a small NodeB receiver loss. Table 3 shows the average set point comparisons for the baseline and the practical algorithm. The average set point is computed over the duration of the simulation.

Table y2: Set point comparison between the Baseline and the Practical Beamforming Algorithm 2

	
	Baseline (No TD)
	Genie SATD
	Gain [dB]

	Average Set point [dB]
	-18.44
	-18.18
	-0.26


It can be seen from Table y2 that there is a difference of ~0.25dB in the set point between the beamforming and baseline. Since the inner loop power control attempts to maintain the Rx Ec/No at the level of the set point, an increase in the set point would result in an increase in the Rx Ec/No at the receiver. In the following we investigate the source of this difference.

12.3.2.2
Observations

Figures y1 and y2 show the CDF of the set point and the estimated Rx Ec/No at the receiver for both beamforming transmit diversity and the baseline. 
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Figure y1: CDF of the Set point for practical Beamforming transmit diversity and the baseline (no TD).
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Figure y2: CDF of the estimated Rx Ec/No for practical Beamforming transmit diversity and the baseline (no TD).

The set points vary over the duration of the simulation so as to track channel variations (PA3 channel in this case) in order to maintain the residual BLER of 1% after 4 transmissions. In Figure y1, we note that the set point for beamforming is consistently higher than the baseline case for the duration of the simulation. The estimated Rx Ecp/No at the receiver is therefore also slightly higher for beamforming transmit diversity as seen in Figure y2.

From the above tables and figures, we see that beamforming transmit diversity requires a higher set point in order to achieve a target residual BLER of 1% after 4 transmissions. The cause of this increase is further explored by comparing the normalized mean square channel estimation error in both beamforming and the baseline.

The Normalized Mean Square channel estimation Error (NMSE) is defined as 
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Rx antenna. There are two receive antennas in the simulation and so, 
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h

is the actual channel at the input to Rx antenna 
[image: image38.wmf]i


The channel estimate is a 4-slot non-causal channel estimate with weights [0.4 0.3 0.2 0.1]. Note that the effective averaging length is 3 slots.

The channel model used in the simulation is the modified Pedestrian A channel. Therefore, a component of the channel power (FURP) is not recovered at the receiver but is a component of the actual channel. When beamforming is applied at the UE, the actual channel and the estimated channel correspond to the composite channel after the application of the beamforming weights. 

Figures y3 and y4 show the variation of the NMSE of the channel estimate for beamforming and the baseline for Rx antennas 1 and 2. 
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Figure y3: Comparison of the Normalized Mean Square Error in channel estimate for beamforming and baseline; Rx Ant 1
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Figure y4: Comparison of the Normalized Mean Square Error in channel estimate for beamforming and baseline; Rx Ant 2

It can be seen from Figures y3 and y4 that, as expected, the channel estimation quality improves as the Ecp/No at the receiver increases. However, it is also seen that the NMSE in channel estimate is worse than the baseline for the range of Ecp/No values. This is due to the induced fluctuations in the channel on a per slot basis by the beamforming algorithm. Since the channel fluctuates every slot due to the beamforming weights, the application of a multiple-slot non-causal channel estimation algorithm would cause deterioration in the channel estimate. Consequently, a higher Rx Ec/No would be required in order to maintain the same channel estimation quality needed to maintain a residual BLER of 1%. This would therefore cause the increase in the average set point as seen above in Figure y1. 

However, it is considered that the increase in the Rx Ec/No due to BFTD is not significant enough to cause impact at the NodeB receiver.
*************************************** TEXT ENDS HERE ***********************************
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