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1 Introduction

It has been agreed in RAN1#80bis that for evaluation purpose only, potential enhancements related to PRS include following candidates

· Enhanced positioning reference signals
· More dense PRS in time domain
· New PRS pattern
· PRS transmission enhancements for the same PCI case
In this contribution, we discuss potential PRS transmission enhancements from a higher level for the following aspects:  
· Support PRS transmission based on the TPs of the same PCI by enabling the eNB to separate the PRS from each TP.   
· Make use of the Tx antenna diversity to improve the positioning performance. 
The part of PRS pattern enhancement is discussed in a companion paper [2].

2 Enhanced PRS supporting TPs of same PCI
Current PRS introduced in Rel. 9 was designed for macro stations to support mainly outdoor positioning. As one type of reference signal, PRS is associated with PCI. For indoor small-cell scenarios, low-power remote radio heads (RRHs) or distributed antennas are popularly deployed to enhance the spectral efficiency. However, the TPs belonging to the same eNB share the same PCI. Therefore, they are not distinguishable for the purpose of UE positioning based on OTDOA. 

For positioning purpose, it would be desirable to be able to receive individual positioning signals from each TP separately, and to perform TOA estimation based on the best signals from the selected TPs. 
It is hence necessary to enable the eNB to separate the PRS from each TP in time or frequency domain, and to add higher layer signalling that indicates the separation to the UE. With such enhancements, it is possible for UE to measure and report PRS from each TP separately. In [3], options for separating PRS from multiple TPs in one cell have been identified and evaluated.  Two categories of methods are:

(a) Time–domain separation of transmissions from different TPs in the same shared cell. 
(b) TP-specific signal sequences.
Considering the potentially large number of TPs in a cell and the inefficient resource utilization of (a), it is preferable that (b) TP-specific signal sequences are defined.
Proposal 1: Consider new PRS transmission schemes associated with TP sharing the same PCI and ECGI by allowing separated measurement of PRS from each TP. Add higher layer signalling to enable measurement and reporting on per TP basis.
3 Enhanced PRS using Tx antenna diversity 

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. 
This is illustrated in Figure 1, where the eNB is equipped with 4 Tx antennas. As illustrated, PRS is transmitted in turns on each antenna in consecutive positioning occasions. If the eNB is configured with other number of Tx antennas (e.g., 2, 8, etc), similar transmit pattern can be drawn to provide diversity. At the receiver side, UE can combine the measurement results corresponding to each antenna and select the best set of measurement results for final RSTD calculation. In the case where PRS muting is enabled, the antennas switching patterns should be designed jointly with the PRS muting pattern. 
In terms of specification, 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.

Proposal 2: PRS transmission is enhanced by exploiting Tx antenna diversity. 

Figure 1. Illustration of PRS transmission with Tx antenna switching.
4 Conclusions
In this contribution we have discussed potential enhancements for PRS transmission, and have the following proposals:

Proposal 1: Consider new PRS transmission schemes associated with TP sharing the same PCI and ECGI by allowing separated measurement of PRS from each TP. Add higher layer signalling to enable measurement and reporting on per TP basis.
Proposal 2: PRS transmission is enhanced by exploiting Tx antenna diversity. 
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Studied Positioning Technology Enhancements

7.1
RAT-dependent Positioning Technologies


7.1.1
OTDOA Enhancements

Editor’s Note: Other potential OTDOA enhancements are not precluded for evaluation.

7.1.1.1
Enhanced Positioning Reference Signals 

For purposes of evaluation, potential enhancements related to PRS include the following candidates; increased density of PRS in time domain, new PRS pattern(s), and PRS transmission enhancements for the same PCI case.
7.1.1.1.2
   Enhanced PRS supporting TPs of the same PCI 
For indoor small-cell scenarios, low-power remote radio heads (RRHs) or distributed antennas are popularly deployed to enhance the spectral efficiency. However, the TPs belonging to the same eNB share the same PCI. Therefore, they are not distinguishable for the purpose of UE positioning based on OTDOA. 

For positioning purpose, it would be desirable to be able to receive individual positioning signals from each TP separately, and to perform TOA estimation based on the best signals from the selected TPs. It is hence necessary to enable the eNB to separate the PRS from each TP in time or frequency domain, and to add higher layer signalling that indicates the separation to the UE. With such enhancements, it is possible for UE to measure and report PRS from each TP separately. Two categories of methods for separating PRS from multiple TPs in one cell are:

(a) Time–domain separation of transmissions from different TPs in the same shared cell. 
(b) TP-specific signal sequences.
Considering the potentially large number of TPs in a cell and the inefficient resource utilization of (a), it is preferable that (b) TP-specific signal sequences are defined.

7.1.1.1.3      Enhanced PRS using Tx antenna diversity 

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.
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