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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 discuss the performance of the proposed diversity schemes.
2. Discussion
In [4], three PRS transmit diversity schemes were agreed to be studied. Out of these 3 schemes, 2 schemes use antenna switching techniques. Besides the simple antenna switching where 2 antennas are used sequentially for transmissions, a random switching scheme in which the eNB randomly picks the transmission antenna was also proposed.
In order for any transmit diversity technique to be effective, the UE has to perform a sufficient amount of measurements to cover all the possible combinations. In the case of simple on/off switching, 2 consecutive PRS measurements would be enough to capture the signals from both transmit antennas and pick the optimal one. If random antenna switching is used, the UE would have to perform multiple measurements(depending on the random pattern, the number of measurements could be very high) in order to receive the signals from both transmit antennas. This could lead to a much longer measurement delay that would also delay the measurement report. Furthermore, the UE would have to employ some blind detection scheme if it is not aware of the transmission pattern used by the eNB, thus, UE implementation complexity would also be increased. In this case, the UE memory and processing requirements could also increase because the UE would have to measure the same cell in multiple occasions(more than just 2), hence, it would have to measure more cells/measurement occasion in order to maintain the reporting delay within certain limits. Considering that the UE will in the end pick from 2 measurements of different antennas, the best performance that can be achieved is the same as the case of on/off switching. Also, random antenna switching seems more difficult to implement than simple on/off switching because some algorithm to pick the next transmit antenna is needed. 

Considering all the above caveats, random antenna switching does not offer any performance gain over the simpler on/off, however, implementation complexity and UE measurement/reporting time is increased. Hence, we believe that it is sufficient to study only the on/off switching scheme.
2.1. Simulation results

In figures 1, 2 and 3 we show the transmit diversity simulation results based on the assumptions agreed in [4] using the ETU channel model. The results are shown for measurements over multiple PRS occasions. We would like to point out that the measurement over 1 occasion cannot take advantage of any diversity scheme so the same results are obtained with all the schemes. The results in Figures 2 and 3 show some gains for the Tx diversity scheme 1. The 90%-ile of the measurement error is shown in Table.1. As can be seen from this table the performance improvement is in the order of 20%.
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Figure 1. RSTD error with 1 measurements over 1 occasion
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Figure 2 RSTD error with measurement over 2 occasions
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Figure 3 RSTD error with measurement over 4 occasions
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Table 1. 90%-ile measurement error

It should be noted that the results presented here are for the ETU channel model.This channel model contains a few paths that are of relatively equal power, hence, some performance improvements can be seen, however, the performance improvements are relatively small. The benefits of the transmit diversity are likely to be more significant in situations where the first arriving path is significantly weaker than the delayed paths. In [3] we proposed to use such a channel, however, this was not yet included in the simulation assumptions. In Figure 4 we present such a channel model based on field measurements. As can be seen, in this situation the first arriving path is significantly smaller than the delayed path. Given that this channel model can be seen in real scenarios we propose to adapt the channel model shown in the annex for evaluation.
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Figure 4. Channel Delay Spread Measured in the Field
3. Conclusion
In this paper we briefly discussed the proposed Tx diversity schemes. We showed that the random switching scheme does not offer any performance benefits while increasing the implementation complexity.
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Annex 

New channel for PRS Tx diversity:

Channel from Tx0 to UE – h0[n], Tx1 to UE – h1[n] where n is the tap spacing in Ts units.

Serving cell in AWGN, h0[n]=h1[n]=0dB for n=0

Neighbor cell in weaker channel conditions, h0[n]=-13dB, n=0 and h1[n]=-5dB for n=10.
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