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1.
Introduction
During the RAN4 #68bis meeting a discussion on developing a test fixture that demonstrates the importance of utilizing directional propagation environments in the evaluation of the performance of active antenna system (AAS) UEs was initiated offline.  This contribution illustrates the performance of AAS in terms of spatially filtered channel model statistics and link level throughput simulation results.  This revision updates the simulation results with a full sweep of DUT orientations.
2.
Discussion
2.1.
Simulation Setup
The AAS antenna fixture’s design is described in [2] and is verified in [3].  The AAS antenna fixture inherently includes a branch imbalance due to the loss through the RF tuning circuit.  In order to remove its influence on the branch imbalance and, consequently, throughput results, the fixed antenna was attenuated to better match the efficiency of the tunable elements.  For simulated patterns the offset applied to the fixed antenna is -2 dB (resulting in a near match of the main antenna efficiency to the efficiency of the tuned antenna).  In the physical prototype the loss due to the RF tuning circuit is higher, and the offset applied to the fixed antenna is -5.25 dB.  The pattern cuts used to spatially filter the channel model in link level simulations are shown in Figure 1 below.
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Figure 1: AAS test fixture pattern cuts; a) simulated, b) measured

The power angular spectra of the SCMe UMi and SCMe UMa channel models are shown in Figure 2 below.
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Figure 2: Channel model power angular spectra a) SCMe UMi, b) SCMe UMa

The channel model statistics observed at the receiver are the result of a convolution of the spatial angular spectra and the antenna response.  This procedure was documented in [4] and illustrated with results generated for the CTIA reference antennas.
Link level simulations have been configured with the following assumptions:

· RMC set as specified in TR 37.977 for the TM3 test case

· An MMSE channel estimator was chosen with suboptimal delay spread & Doppler estimation

· An MMSE MIMO decoder was used

· Number of subframes per RS EPRE point = 20,000

· To reduce the number of simulations only 180 degrees of DUT rotation (in 30 degree steps) were simulated

The suboptimal receiver was chosen to avoid performance benchmarking based on these simulation results

2.2.
Spatially Filtered Channel Model Statistics
The received power per branch in the SCMe UMi channel is plotted vs. DUT rotation in Figure 3 below.
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Figure 3: SCMe UMi received power per branch; a) simulated patterns, b) measured patterns
The filtered channel statistics of SCMe UMi, such as total received power, branch power ratio (BPR), envelope correlation, and condition number, are shown in Figure 4 below.
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Figure 4: SCMe UMi spatially filtered channel statistics with simulated patterns
a) Total received power, b) BPR, c) envelope correlation, d) condition number

Observations:

· Received power per branch and total received power follow the peak of the tuned directive element as it rotates relative to the SCMe UMi channel; since the PAS of SCMe UMi concentrates the majority of the channel’s power near 0 degrees, the behavior in Figures 3 and 4a is expected

· Condition number results indicate little difference in MIMO conditions among all four AAS antenna states; given the low Tx correlation of the SCMe UMi channel, this is aligned with expectations

· Differences in throughput are expected to follow the total received power trends
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Figure 5: SCMe UMi spatially filtered channel statistics with measured patterns
a) Total received power, b) BPR, c) envelope correlation, d) condition number

Observations:

· The total received power curves indicate each tuning state maximizes power over specific DUT rotation ranges; some differences with simulated patterns exist, but the implementation follows design closely
· Envelope correlation is not as low for the RF01 state as with simulated patterns

· Branch power ratio appears to be the dominant driver in the filtered channel’s condition number
The received power per branch in the SCMe UMa channel is plotted vs. DUT rotation in Figure 6 below.
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Figure 6: SCMe UMa received power per branch; a) simulated patterns, b) measured patterns
The filtered channel statistics of SCMe UMa, such as total received power, branch power ratio (BPR), envelope correlation, and condition number, are shown in Figure 7 below.
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Figure 7: SCMe UMa spatially filtered channel statistics with simulated patterns
a) Total received power, b) BPR, c) envelope correlation, d) condition number

Observations:

· In the interest of time simulations were shortened to span 180 degrees of DUT rotations rather than the full 360

· Received power per branch and total received power follow the peak of the tuned directive element as it rotates relative to the SCMe UMa channel

· For example, in the SCMe UMi channel at DUT rotation of 30 degrees antenna tuning state 10 maximizes the total received power, while in the SCMe UMa antenna state 00 maximizes the total power
· The behavior of total received power, condition number, and branch power ratio as a function of DUT rotation are highly correlated
Figure 8 below illustrates the spatially filtered statistics of the SCMe UMa channel with measured patterns.
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Figure 8: SCMe UMa spatially filtered channel statistics with measured patterns
a) Total received power, b) BPR, c) envelope correlation, d) condition number

Observations:

· The total received power curves indicate each tuning state maximizes power over specific DUT rotation ranges; some differences with simulated patterns exist, but the implementation follows design closely

· Envelope correlation is not as low for the RF01 state as with simulated patterns

· Branch power ratio demonstrates a high degree of correlation to the filtered channel’s condition number

2.3.
Simulated Throughput Results with Reference Receiver
The simulated throughput curves for the SCMe UMi channel with simulated antenna patterns are shown in Figure 11 below for each tuning state.
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Figure 9: SCMe UMi simulation results with simulated patterns
a) state 00, b) state 01, c) state 10, d) state 11

Observations:

· An error floor in the block error rate curves was observed for all RF tuning states and rotations: this indicates that the suboptimal receiver’s channel estimator implementation limits performance

· Some rotations in all RF tuning states did not achieve peak expected throughput due to the channel estimator limitation

Figure 10 below illustrates the simulated throughput curves with the SCMe UMi channel with measured patterns.
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Figure 10: SCMe UMi simulation results with measured patterns
a) state 00, b) state 01, c) state 10, d) state 11

The simulated throughput curves for the SCMe UMa channel with simulated patterns are shown in Figure 11 below for each tuning state.
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Figure 11: SCMe UMa simulation results with simulated patterns
a) state 00, b) state 01, c) state 10, d) state 11

Observations:

· An error floor in the block error rate curves was observed for all RF tuning states and rotations: this indicates that the suboptimal receiver’s channel estimator implementation limits performance

· Some rotations in all RF tuning states did not achieve peak expected throughput due to the channel estimator limitation

The simulated throughput curves for the SCMe UMa channel with measured patterns are shown in Figure 12 below for each tuning state.

a)[image: image37.emf]-110 -105 -100 -95 -90 -85 -80

18

20

22

24

26

28

30

32

34

36

RS EPRE (dBm/15 kHz)

Throughput (Mbps)

Throughput SCMe UMa B7 AAS (MEAS) RF00 EU[0,0,0] TM3

 

 

(13)  0 deg

(14) 30 deg

(15) 60 deg

(16) 90 deg

(17)120 deg

(18)150 deg

(19)180 deg

(20)210 deg

(21)240 deg

(22)270 deg

(23)300 deg

(24)330 deg

 b)[image: image38.emf]-110 -105 -100 -95 -90 -85 -80

18

20

22

24

26

28

30

32

34

36

RS EPRE (dBm/15 kHz)

Throughput (Mbps)

Throughput SCMe UMa B7 AAS (MEAS) RF01 EU[0,0,0] TM3

 

 

(13)  0 deg

(14) 30 deg

(15) 60 deg

(16) 90 deg

(17)120 deg

(18)150 deg

(19)180 deg

(20)210 deg

(21)240 deg

(22)270 deg

(23)300 deg

(24)330 deg


c) [image: image39.emf]-110 -105 -100 -95 -90 -85 -80

18

20

22

24

26

28

30

32

34

36

RS EPRE (dBm/15 kHz)

Throughput (Mbps)

Throughput SCMe UMa B7 AAS (MEAS) RF10 EU[0,0,0] TM3

 

 

(13)  0 deg

(14) 30 deg

(15) 60 deg

(16) 90 deg

(17)120 deg

(18)150 deg

(19)180 deg

(20)210 deg

(21)240 deg

(22)270 deg

(23)300 deg

(24)330 deg

d)[image: image40.emf]-110 -105 -100 -95 -90 -85 -80

18

20

22

24

26

28

30

32

34

36

RS EPRE (dBm/15 kHz)

Throughput (Mbps)

Throughput SCMe UMa B7 AAS (MEAS) RF11 EU[0,0,0] TM3

 

 

(13)  0 deg

(14) 30 deg

(15) 60 deg

(16) 90 deg

(17)120 deg

(18)150 deg

(19)180 deg

(20)210 deg

(21)240 deg

(22)270 deg

(23)300 deg

(24)330 deg


Figure 12: SCMe UMa throughput results with measured patterns
a) state 00, b) state 01, c) state 10, d) state 11
By representing each throughput curve by an outage point (here, 95 percent of maximum throughput per curve and its corresponding RS EPRE value), we can summarize the performance of the DUT as a function of rotation.  Figure 13 below summarizes the outage throughput values and their corresponding RS EPRE levels (i.e. MIMO throughput sensitivity).  By assuming an ideal adaptation algorithm at the AAS UE, we construct the adaptive curve by selecting the tuning state which minimizes the MIMO throughput sensitivity at each DUT rotation.
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Figure 13: SCMe UMi results summary
a), b) simulated patterns; c), d) measured patterns
Observations:

· MIMO Throughput sensitivity (MTS) for measured antennas demonstrates a fixed shift from the measured patterns, which is a reasonable deviation from the simplified design optimization criteria

· The behaviour of MTS with DUT rotation is the same in simulated and measured pattern results

· 8 dB variation in MTS as a function of rotation
· The best performance (i.e. lowest RS EPRE required for the highest outage throughput) is held by different tuning states as a function of DUT rotation
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Figure 14: SCMe UMa results summary
a), b) simulated patterns; c), d) measured patterns
Observations:

· MTS varies by ~4 dB over DUT rotations with simulated antennas; ~7 dB over DUT rotations with measured patterns
· The best performance (i.e. lowest RS EPRE required for the highest outage throughput) is held by different tuning states as a function of DUT rotation
The MIMO throughput sensitivity metrics are summarized in Table 1 below for simulations with simulated antenna patterns and in Table 2 for simulations with measured antenna patterns.

Table 1: MIMO throughput sensitivity summary (simulations with simulated patterns)

	
	SCMe UMi
	SCMe UMa

	AAS Tuning State
	MTS (dBm)
	Adaptive delta
	MTS (dBm)
	Adaptive delta

	RF00
	-103.1
	3.1
	-93.6
	1.3

	RF01
	-104.0
	2.2
	-94.0
	0.9

	RF10
	-104.3
	1.9
	-93.9
	1.0

	RF11
	-104.7
	1.5
	-94.1
	0.8

	Adaptive
	-106.2
	
	-94.9
	

	
	Avg adaptive delta
	2.2
	Avg adaptive delta
	1.0


We observe that adaptive tuning improves performance by as much as 3.1 dB (2.2 dB on average) under SCMe UMi conditions and by as much as 1.3 dB (1.0 dB on average) under SCMe UMa conditions.
Table 2: MIMO throughput sensitivity summary (simulations with measured patterns)

	
	SCMe UMi
	SCMe UMa

	AAS Tuning State
	MTS (dBm)
	Adaptive delta
	MTS (dBm)
	Adaptive delta

	RF00
	-103.5
	2.6
	-94.0
	1.6

	RF01
	-102.2
	3.9
	-92.9
	2.7

	RF10
	-103.6
	2.5
	-93.8
	1.8

	RF11
	-104.0
	2.1
	-94.1
	1.5

	Adaptive
	-106.1
	
	-95.6
	

	
	Avg adaptive delta
	2.8
	Avg adaptive delta
	1.9


We observe that adaptive tuning improves performance by as much as 3.9 dB (2.8 dB on average) under SCMe UMi conditions and by as much as 2.7 dB (1.9 dB on average) under SCMe UMa conditions.
2.
Observations and Conclusions

The spatially filtered channel model statistics have demonstrated that the design of the AAS UE fixture has achieved the goal of building a simple proof of concept of the AAS UE.  Specifically, the total received power and branch power ratio results illustrate how the peak response of the system changes from RF state to RF state as a function of DUT rotation.  Furthermore, the correlation statistics of the spatially filtered channels do not indicate a significant trend in the variation of correlation with RF state and DUT rotation:  rather, the branch power ratio is expected to be the driving factor in device performance.
The link level throughput simulations have shown a good agreement in the MIMO throughput sensitivity (MTS) metrics between simulated and measured patterns.  The behaviour of MTS as a function of DUT rotation illustrates the ability of a directive channel model to quantify the performance of a particular RF tuning state (or of an adaptive algorithm utilizing a switching or combining optimization of a number of the available RF tuning states).
This paper has evaluated the performance of a prototype AAS UE antenna design. It has been shown through simulation that the performance of the system assuming optimal pattern selection improves by as much as 3.9 dB (2.8 dB on average) under SCMe UMi conditions and by as much as 2.7 dB (1.9 dB on average) under SCMe UMa conditions.  OTA measurements of this prototype AAS UE design in [3] provide insight into the measured performance gain across directive (anechoic chamber) and isotropic (reverberation chamber) environments.
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