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1. Summary 

Closed loop transmit diversity performance can degrade in multipath channels, and so it is of interest to study its performance in realistic environments.  This contribution presents measurement results on the capacity improvements and SNR gains of closed loop transmit diversity. The results indicate:

1. Closed loop transmit diversity provides strong capacity gains, especially at lower SNRs.  At 0 dB SNR, throughput gains of approximately 40% were observed over a single antenna.  Even at 10 dB SNR, gains of about 23% were still observed.

2. SNR gains do not appear to be a strong function of distance from the cell site.  This means that performance gains can be obtained where they are often most needed: at the cell edge.

2. Measurements

The results were generated from the urban angle spread measurements using the measurement system of [1].  The measurements were taken with the UE and base site located in an urban environment (downtown Fort Worth, Texas, USA).  Photographs of the cell site location and the sector in which the measurements were taken are shown in Figures 1 and 2, respectively.  We examined measurements where the PDA device was inside the vehicle near the phantom, as these conditions are felt to be a reasonable usage case for HSDPA. In these experiments, 4 elements were mounted on the PDA (2 on the top and 2 on the bottom), which was held in a phantom hand in front of a phantom torso (shown in figure 3).   The base site antenna contained two dual polarized (slant 45 degree) elements. 

3. Gain and capacity analysis

The performance of a single antenna is compared to that of closed loop transmit diversity mode 2.  Open loop transmit diversity may also be compared, but its performance is expected to be close to that of a single antenna at slow speed, as shown in [2].

The capacity statistics were computed by examining segments of the test drive route. The drive route was segmented into sections approximately 6 meters long in order to examine local behavior over about 40 wavelengths.  One hundred channel impulse response measurements (or “soundings”) were examined per segment. The channel impulse responses in a segment were normalized by the average power in that segment, and the average SNR set to a selected value.  Instantaneous received SNRs
 for 1 antenna and for closed loop transmit diversity were then computed for the each sounding in each segment.  The release ’99 mode 2 codebook was used at the transmitter, and a 6 finger rake receiver was used for the UE.  The SNR for each sounding was mapped to a capacity value, and the average SNR for the 100 SNRs in the segment was also computed for the two diversity approaches.  The ratio of the averaged closed loop transmit diversity SNR to the averaged 1 antenna SNR was then computed for the segment.
We used the modulation and coding schemes (MCS) shown in Table 2, below, to compute the capacity.  The MCS levels are selected based on the receiver output SINR.  Turbo coding was used to generate throughputs vs. SNR for the various MCS.  

Table 2. MCS Table

	MCS Level
	SINR Range (dB)

	R=1/4, 4QAM
	-Inf < SINR < 0.5

	R=1/2, 4QAM
	0.5 < SINR < 4.0

	R=3/4, 4QAM
	4.0 < SINR < 5.5

	R=1/2, 16QAM
	5.5 < SINR < 8.0

	R=5/8, 16QAM
	8.0 < SINR < 10

	R=3/4, 16QAM
	10 < SINR < Inf


4. Results

4.1 SNR Gain vs. Distance

The gain over single antenna plotted against distance in figures 4 and 5, for 0 dB and 10 dB SNR, respectively.  Approximately two hundred segments are shown, with ranges from just over 150m to just over 500m from the base site.  We observe that the average gain taken over a segment can vary over a number of dB.  This is consistent with the low UE angle spreads observed in previous studies [3].  

The figures also show a line with the results smoothed.  The smoothing was done by averaging all data within a 25m window at 25m increments.  The line varies within a range of about 2 dB for the 0 dB case, and 1.5 dB for the 10 dB case.  However, there does not appear to be a trend with distance.  Since delay spread has been reported to increase with distance, one might be concerned that the gain from the use of closed loop transmit diversity would drop.  We do not observe such a trend here, at either extreme of the SNR range we studied.

4.2 Average Capacity Gain

The average capacity for each antenna configuration was computed, and the ratio of the closed loop transmit diversity capacity to that of 1 antenna was computed.  The capacity ratios are given in the table below.  

	
	Closed Loop Capacity Gain over 1 Antenna

	SNR (dB)
	PDA Antenna 1
	PDA Antenna 2
	PDA Antenna 3
	PDA Antenna 4

	0
	1.38
	1.40
	1.41
	1.39

	5
	1.30
	1.31
	1.32
	1.30

	10
	1.22
	1.24
	1.23
	1.23


We can see that the gains vary somewhat with the PDA antenna tested: about 2-3% for each SNR.  This indicates that the average closed loop gain is relatively insensitive to the receive element orientation.

The capacity improvements are greatest at 0 dB, ranging from 38 to 41%.  At 5 dB, there is somewhat less gain from the use of closed loop: gains range from 30 to 32%.  Gains are still significant even at 10 dB SNR: 22-24%.

5. Conclusions

· Closed loop transmit diversity mode 2 can provide significant capacity gains for HSDPA in realistic channel conditions.

· These gains are relatively uniform across the cell.  This means that closed loop transmit diversity can improve performance at the cell edge, where it is often most needed.
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Figure 1: Cell Site





Figure 3: PDA in Phantom Hand, with Phantom





Figure 5: SNR Gain vs. Distance: 10 dB Mean SNR





Figure 4: SNR Gain vs. Distance:  0 dB Mean SNR








Figure 2: View of Sector Tested











� The received SNR includes noise from self interference.






