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1. Introduction
In RAN1 #81, several potential OTDOA enhancements for indoor positioning were discussed and the corresponding text proposals were endorsed in Section 7.1.1.1 of [1], including the following candidates:
· Enhanced PRS 

· New/enhanced PRS patterns

· PRS muting pattern

· PRS transmission enhancements for the same PCI case

· PRS in unlicensed bands

· Enhanced PRS using Tx antenna diversity

In this contribution, we present our views on potential enhancements to PRS transmission using Tx antenna diversity and propose the text proposal for TR37.857. 
2. Potential PRS enhancement using Tx antenna diversity
Antenna diversity techniques by using multiple antennas at eNB and/or UE side can be utilized to potentially improve the accuracy of RSTD measurement [2]. In specific, two options of antenna switching scheme are suggested in [2]; one is to define different transmit patterns for each physical antenna that maps to AP 6 and another is to define additional antenna ports for PRS transmission. However, it should be noted that some issues need to be addressed to see the benefit of PRS enhancement using Tx antenna diversity.
The consideration point on the Tx antenna diversity for PRS transmission is how to differentiate RSTD measurements corresponding to different PRS transmissions over different positioning occasions. For instance, as illustrated in Fig. 1, PRS is transmitted from different Tx antenna alternately at each positioning occasion (or each subframe within positioning occasion) by an eNB equipped with 2 Tx antennas. Then, in order to detect and measure each RSTD from each Tx antenna correctly, it should be defined how to select positioning occasions (or subframes) to be measured for each RSTD. Otherwise, combining the positioning occasions from different Tx antennas would result in no performance gain of RSTD measurement when the Tx antenna diversity is applied to PRS transmission. Therefore, the network may inform the UE of whether the transmit diversity for PRS transmission is utilized. Accordingly, the time windows for RSTD measurements corresponding to different transmit patterns may need to be defined and the related signaling may be indicated by the network. 

[image: image1.emf]PRS 

transmission

··· ··· ···

N

PRS

consecutive 

subframes

T

PRS

··· ···

Δ

PR

S

SFN=0

Tx antenna 0

··· ··· ··· ··· ···

Tx antenna 1

No PRS 

transmission

PRS 

transmission

PRS 

transmission

PRS 

transmission

No PRS 

transmission

No PRS 

transmission

No PRS 

transmission


Figure 1. Example of PRS transmission with Tx antenna switching
Moreover, it would be beneficial to identify which transmit diversity techniques can enhance the accuracy of RSTD measurement. In RAN4 study [3], RSTD errors were evaluated in link level with several transmit diversity schemes. It was shown that the accuracy of RSTD measurement highly depends on the transmit diversity schemes and furthermore it can be affected by method for time of arrival (TOA) estimation as well. Hence, further investigations on the effective transmit diversity technique and estimation method of TOA should be carefully needed.
Proposal 1: The attached text proposal on enhanced PRS using Tx antenna diversity needs to be included in TR37.857.
3. Conclusion
In this contribution, we discussed our views on potential enhancements to PRS transmission using Tx antenna diversity and proposed the text proposal for TR37.857. The proposals based on the discussion are given as follow:
Proposal 1: The attached text proposal on enhanced PRS using Tx antenna diversity needs to be included in TR37.857.
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Appendix: Text proposal on enhanced PRS using Tx antenna diversity 
<Unchanged sections omitted>

<Start of changed section>
7.2.1.4
Evaluation results for D2D aided positioning 

In the systems where multiple antennas are equipped at transmission and/or receiver side, antenna diversity techniques are often used to reduce multipath interference and improve radio link reliability. For PRS transmission, antenna diversity, in particular Tx antenna diversity is helpful for improving positioning performance.

In current specification, PRS is transmitted from a single antenna port, port 6. To improve the existing scheme, Tx antenna diversity can be achieved by antenna switching, where PRS is transmitted alternatively from different Tx antenna at each positioning occasion. 

The antenna switching scheme can be enabled by either of the following options:

Option A.
Continue to use only antenna port AP=6 for PRS, but defining different transmit patterns for each physical antenna that map to AP=6. The transmit pattern for each physical antenna is defined in subframe indices, similar to the muting pattern.

Option B.
Define additional antenna ports for PRS transmission, with different antenna port transmitting orthogonal PRS patterns. 
The consideration point on the Tx antenna diversity for PRS transmission is how to differentiate RSTD measurements corresponding to different PRS transmissions over different positioning occasions. In order to detect and measure each RSTD from each Tx antenna correctly, it should be defined how to select positioning occasions to be measured for each RSTD. Otherwise, combining the positioning occasions from different Tx antennas would result in no performance gain of RSTD measurement when the Tx antenna diversity is applied to PRS transmission. Therefore, the network may inform the UE of whether the transmit diversity for PRS transmission is utilized. Accordingly, the time windows for RSTD measurements corresponding to different transmit patterns may need to be defined and the related signaling may be indicated by the network. Moreover, it is worthwhile to identify which transmit diversity techniques and estimation method of time of arrival can enhance the accuracy of RSTD measurement effectively. 
<End of changed section>
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