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1.
Introduction

The positioning enhancements SID for E-UTRA [1] is approved in RAN#60 and aims to improve the positioning performance and requirement. Several issues are suggested to be investigated based on the approaches of OTDOA and E-CID.    
· Larger available bandwidths (e.g. 15 and 20MHz for OTDOA and 10, 15, and 20 MHz for E-CID based on UE Rx-Tx time difference measurement).

· Smaller available bandwidths (e.g. 1.4 and 3 MHz for OTDOA and E-CID based on UE Rx-Tx time difference measurement)

· Possible use of downlink Tx diversity for the positioning reference signals (PRS), e.g., schemes transparent to UE, and its impact on the both UE and system performance and/or complexity.  Use of non-transparent schemes can be discussed.

· Deployment of RRHs with identical cell IDs for OTDOA and E-CID based on UE Rx-Tx time difference measurement.

· Carrier aggregation scenarios (including scenarios with multiple TAs for E-CID based on UE Rx-Tx time difference measurement)

In this paper, the feasibility of using DL transmit diversity for PRS is discussed. As suggested in SID, the study on standard transparent techniques is prioritized over the non-transparent solutions.  

2. Standard Transparent DL Transmit Diversity
By definition, a standard transparent DL transmit diversity solution should not have impact on UE’s implementation. Meanwhile, UE may not be able to identify the exact diversity scheme used at the network side. In [1], two simple transmit diversity schemes, transmit diversity and antenna switching, are introduced.

1. Antenna switching

	Tx antenna #
	PRS occasion 1
	PRS occasion 2

	Antenna #1
	y0=sqrt(2)*r
	y0=0

	Antenna #2
	y1=0
	y1=sqrt(2)*r


2. Transmit diversity

	Tx antenna #
	PRS occasion 1
	PRS occasion 2

	Antenna #1
	y0= r
	y0= r

	Antenna #2
	y1=r
	y1= -r


The transmit diversity scheme in [1] is also well known as transmit beamforming and widely used as a closed-loop MIMO unicast solution. By aligning the transmit beamforming vector with the channel’s strong eigenspace, both diversity gain and beamforming gain can be achieved. However, if the beamforming vector is not properly selected or the signal is randomly beamformed, both diversity and beamforming gain can be easily diminished. This is the reason why accurate and timely CSI feedback is crucial for the transmit beamforming. 
As PRS is a cell specific reference symbol, the associated transmitting strategy should guarantee a good reception across the whole cell (or sector). From that point of view, beamformed PRS, which is supposedly to be received omni-directionally, does not seems reasonable. In Fig.1, a simple simulation results show the comparison between random beamforming, where beamforming vector is fixed as (1,1) and SISO. It is obvious the random beamforming can introduce more fluctuation over the effective channel. However, without help of channel coding, it does not provide any diversity and beamforming gain overall. Furthermore, depending on the exact implementation, the introduced fading in both time and frequency domain due to Tx diversity may not be beneficial but harmful.
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Figure 1: CDF of random Tx diversity gain over SISO
The similar logic can be extended to the analysis on the antenna switching. As the eNB does not know which antenna port is better than the other, the best it can do is to transmit the PRS from them alternatively. From UE’s perspective, it does observe more channel fluctuations due to the antenna switching. Theoretically, the fading due to antenna switching can be translated to the diversity gain if a proper channel coding is used, i.e. frequency switched transmit diversity (FSTD) adopted in LTE. However, the same as transmit diversity, the antenna switching cannot provide any diversity or beamforming gain to PRS transmission either. 
Observation 1: Both transmit diversity (transmit beamforming) and antenna switch cannot provide any diversity and beamforming gain to PRS transmission. 

Observation 2: Both transmit diversity (transmit beamforming) and antenna switch can introduce more channel fading in frequency and/or time domain. Depending the implementation, the extra fading introduced by the DL transmit diversity schemes may not be beneficial for PRS detection.

3. Conclusions 

In this contribution, the feasibility of DL transmit diversity schemes for PRS is studied. Two schemes, which are random beamforming and antenna switching, are investigated. It is observed based on simulations and analysis that
Observation 1: Both random transmit beamforming and antenna switch cannot provide any diversity and beamforming gain to PRS transmission. 

Observation 1: Both random transmit beamforming and antenna switch can introduce more channel fading in frequency and/or time domain. Depending the implementation, the extra fading introduced by the DL transmit diversity schemes may not be beneficial for PRS detection.
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