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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]. In this paper we further analyze the issues related to PRS transmit diversity.
2. Discussion
PRS based OTDOA positioning was introduced in Rel-9 and is already being deployed in some networks. Based on the current specifications, PRS is transmitted on antenna port#6 and only 1 physical antenna is supposed to be used. Hence, even if the eNB has multiple physical antennas, the OTDOA positioning feature cannot take advantage of this, even if some performance improvements could be obtained. In [2] we presented two simple transmit diversity schemes that have the potential to improve OTDOA positioning performance in certain scenarios. In this paper we further elaborate on this issue.
To obtain optimal OTDOA performance it is critical that the UE is able to detect the first propagation path that reaches the UE. The detection of the first path is most challenging in environments where the first propagation path is weaker or has almost the same power as the propagation paths that reach the UE at a larger delay. If the first path is weaker than the subsequent propagation paths, the UE is most likely to detect the 2nd path and, as such, the RSTD measurement error will have a non-zero mean value (bias) with small standard deviation. If the first few propagation paths are relatively equal in power the measurement error will likely show a higher standard deviation as the UE detects one of the paths. We believe that PRS transmit diversity is likely to improve OTDOA performance especially in the scenarios mentioned above. 
In [2] we presented two PRS diversity schemes (also shown in the Annex A for reference) that have the potential to improve OTDOA performance with a very small implementation impact. It would be beneficial to evaluate the performance improvements when PRS Tx diversity is used in a channel such as ETU that has multiple paths of relatively equal strength. We would like to point out that there is no propagation channel defined in 3GPP which has a first path significantly weaker than the following paths, however, such propagation channels can happen in real network deployments. We introduce such a channel in the simulation assumptions introduced in Annex B. Other simulation assumptions for performance evaluation are also shown in Annex B.
As show in [2], our preference is for antenna switching as it is simpler, signals are transmitted only from 1 antenna at a time, however, it would be beneficial to evaluate both schemes to get a better understanding of the performance benefits.
In order to take advantage of these transmit diversity schemes at the UE, it would be useful to indicate in the OTDOA assistance data that a diversity scheme is in use. For example, indication that the antenna port changes every n PRS occasion(s), etc. Without any assistance information there may be some impact on UEs performing some kind of combining between different PRS occasions. E.g., in order to exploit the PRS TX diversity, a UE may use multiple PRS occasions to determine a TOA. Each PRS occasion from each antenna would typically experience a different propagation channel. Therefore, from the set of TOA measurements performed on each PRS occasion, a UE may pick the earliest arrival , which would be as close as possible to the desired “LOS delay” (and not e.g., average all TOAs or PRS occasions). On the other hand, if no PRS TX diversity is being used, a UE may use only one PRS occasion from each cell. Therefore, the UE signal processing may be different when TX diversity is used for PRS. 
The diversity schemes could be applied to more than 2 antennas, however, this would increase the reporting time or the receiver complexity as it would be necessary to make more measurements of the same cell.
3. Conclusion
In this paper we briefly discussed some possible enhancements to increase the OTDOA performance. We proposed some simulation assumptions to evaluate the performance gains of the proposed transmit diversity schemes. The simulation assumptions are captured in Annex B.
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Annex A 

PRS Transmit diversity schemes:
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


Annex B 

Simulation assumptions for PRS transmit diversity evaluation:
	Parameter
	Value

	System BW
	10MHz

	PRS BW
	10MHz

	I_PRS
	1

	N_PRS
	1

	Number of cells
	2 Cells (serving and neighbor)

	Cell ID
	mod(Neighbor PCID – Serving PCID, 6) != 0

	Serving cell propagation channel
	AWGN 1 path, SNR=0dB

	Neighbor cell propagation channel
	ETU with SNR=-13dB, new channel(see below)


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.

Simulation results should show the measured RSTD error.
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