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1 Introduction

At the previous RAN1#56bis meeting, it was agreed [1] to evaluate proposed RS patterns used for OTDOA positioning. Potential new proposals for RS pattern were to be submitted before April 9. RS pattern evaluation should be finalized at RAN1#57. This contribution compares the different proposals on the table and suggests the way forward. 
2 Discussion
A number of different RS patterns were proposed in [2]-[10].

Most of them share some common and desired properties:
· Improve hearability by defining orthogonal patterns with reuse factors of 3-10.

· Increase subcarrier occupancy so as to avoid spurious correlation peaks. 

· Avoid use of OFDM symbols containing CRS.

However there are some differences between the proposals as outlined below. Pros in addition to those stated above, and cons are listed below. 
2.1 Regular patterns [2]-[5]
These proposals are based on patterns with some regularity, e.g. diagonal or anti-diagonal patterns.  

Advantages

· Easy to define

Disadvantages 

· Patterns that are orthogonal but are shifted only by one subcarrier or one symbol may overlap with each other significantly when the time uncertainty exceeds the length of the cyclic prefix even if a synchronised network is assumed.

The regular pattern proposed in ‎[5]  provides a larger number of orthogonal patterns.

2.2 Random patterns [5]-[6]
These proposals define the pattern in a pseudorandom way. 
Advantages

· Patterns that are orthogonal do not overlap significantly when the time uncertainty window for the measurement exceeds the length of the cyclic prefix.
Disadvantages

· The pseudo-random pattern generation may lead to increased complexity in the eNB and UE due to need to store large pattern tables.
· The number of orthogonal patterns generated purely by random search may be limited.
The random patterns in ‎[6] may suffer from more overlapping positions than the proposal in ‎[5] since it places the pattern within a slot rather than the whole subframe.

2.3 Latin squares, Costas and Modular sonar sequences [7]-[10]

These proposals define a set of patterns that overlap at most in one or two positions. 
Advantages

· Easy to generate. Known pattern may be used instead of using pseudo-random searches.
· Many patterns available that overlap at most in one position which may be used to generate a broader set of sequences.
· Orthogonal patterns generated by frequency shifts do not overlap significantly when the time uncertainty of the measurement exceeds the cyclic prefix. 

Disadvantage
· None when a set of patterns that are cyclic frequency shifts of each other are used.

· When the set of patterns is expanded to include non-orthogonal patterns with minimal overlaps generated with cyclic time and frequency shifts, there may be a performance degradation in some scenarios.
3 Conclusion

The most important determinant of performance is reuse. This may be easily achieved by using a set of patterns that are cyclic frequency shifts of each other. It is also desirable to have PRS in as many symbols as possible to increase coverage. PRS based on a set of irregular patterns exhibit greater robustness since they don’t suffer from significant interference from other patterns when the time uncertainty is large. It is proposed to base the PRS on the class of Modular sonar or Costas sequences [7]-[9] since they may be readily generated without any random searches. 
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