3GPP TSG-RAN WG4 Meeting #70bis 
R4-141826
San Jose del Cabo, Mexico, March 31 – April 4, 2014
Agenda item:
9.4.3
Source: 
Qualcomm Incorporated
Title: 
Transmit Diversity for PRS
Document for:
Discussion
1. Introduction
In RAN#60 a SI on positioning enhancements was agreed in [1]. The SI lists several areas where possible enhancements should be studied, one of them being PRS transmit diversity. In RAN4#68, two transmit diversity schemes were introduced in [2], [3]. 
In [4] simulation assumptions to study the performance of transmit diversity were agreed. In this paper we show results based on these simulation assumptions.
2. Scenarios
Results are presented for the following simulation parameters [4]:
· Channel type:
· Urban A, Urban B, Bad Urban; each with 3 and 30 km/h mobile speed.
· ETU30 with spatial correlation “high”, “medium”, “low”.
· eNB-UE distance=1km (the distances between each cell and target UE are identical)
· Distance between antennas at eNB=6m
PRS TX Diversity Schemes:

· Antenna Switching

· TX Diversity 1: Split power with sign flip

· TX Diversity 2: Split power

PRS Occasions:

· 2 PRS occasions are used to determine the RSTD between cell#1 and cell#2

· 2 consecutive positioning occasions

· 2 nonconsecutive positioning occasions (odd-numbered occasions)

In addition, results are shown without diversity:

· 1 PRS occasion (baseline)

· 2 PRS occasions (consecutive and nonconsecutive)

3. Results
3.1. T1P1 Channel Models
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Observations based on these simulation results:

· PRS TX diversity can achieve about 1 – 2 Ts improvement on the 90th percentile.

· The improvement for some TX diversity schemes depends on the UE processing:

· In case the UE processes consecutive PRS occasions, TX Diversity 2 shows the best performance
· In case the UE processes nonconsecutive PRS occasions, TX Diversity 1&2 shows the best (similar) performance

· Antenna switching shows little/no gain compared to “no diversity” under these simulation conditions.
For the above results, the UE assumed that TX diversity is used, and processed the occasions accordingly. In particular, the UE was estimating a TOA from each occasion, and performed some selection on the final TOA to use for RSTD calculation.

Simulations were also performed using “standard UE signal processing”, where no selection of the final TOA to use for RSTD calculation is made; i.e., all occasions are treated equally. The results for the Urban A(30 km/h) channel model are shown in the following Figures:
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In this case, the results for “No Diversity” and “Antenna Switching” are the same as the baseline results (1 PRS occasion)); TX Diversity 1 shows worse performance compared to the baseline in case of consecutive PRS occasions. In case of nonconsecutive PRS occasions, TX Diversity 1 and 2 shows also here similar performance, which is about 1 Ts better on the 67th percentile compared to no diversity and the baseline.
Therefore, we can conclude:
· Under the given simulation assumptions, some TX Diversity schemes can achieve about 1 – 2Ts improvement, if the UE processes the PRS occasions accordingly. E.g., processes nonconsecutive occasions and does not treat each occasion equally for estimating a final TOA to calculate the RSTD. Otherwise, it is possible that TX diversity performs worse compared to the baseline results (e.g., in case of consecutive processing with TX Diversity 1).
3.2. ETU30 Channel Models

High Spatial Correlation
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Medium Spatial Correlation
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Low Spatial Correlation
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Observations based on these simulation results:

· The general trend of the High Correlation results is essentially the same as with the T1P1 channel models.
· TX Diversity 2 in case of consecutive occasions shows the best results.
· TX Diversity 1&2 give about the same performance in case of nonconsecutive occasions.

· For the Medium Correlation, all TX schemes give about the same gain in case of consecutive PRS occasions. For nonconsecutive occasions, a small gain for TX Diversity 1&2 is visible over Antenna Switching.
· For the Low Correlation, all TX schemes give a similar small gain in case of consecutive PRS occasions. For nonconsecutive occasions, performance is slightly worse compared to no diversity.
4. Conclusion
In this contribution, we showed simulation results with various PRS TX diversity schemes using T1P1 and ETU channel models. Under the given simulation assumptions, some TX Diversity schemes can achieve about 1 – 2Ts improvement, if the UE processes the PRS occasions accordingly. E.g., processes nonconsecutive occasions and does not treat each occasion equally for estimating a final TOA to calculate the RSTD. Otherwise, it is possible that TX diversity performs worse compared to no diversity. 
Therefore, if PRS TX diversity is used by the eNB, the UE should be informed in order to optimize the signal processing accordingly.
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