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1 Introduction

During RAN1 #57 meeting a WF on OTDOA was agreed [1], there are two main issues that have so far not been decided, i.e. the PRS pattern and the associated sequence. These two issues are addressed in this contribution. 

2 Discussion

2.1 PRS Sequence

The main aspect to consider when designing the PRS sequence is the UE complexity that is associated with detecting the sequence. To simplify the detection of the different eNB, it as been agreed in RAN1 [2] to have the ability to provide assistance data to the UE, including the PCI and the relative transmission timing. 

The key factor when decoding the sequence used for positioning, should be if it lowers the complexity in UE and eNB. As baseline for the PRS sequence it would be natural to assume a pseudo-random QPSK sequence, since it is specified for the CRS. In the contributions proposing to use Zadoff-Chu based sequence it has not been shown that this would yield a complexity gain from the UE perspective [6], [7] and [1]. 

Proposal: Adopt a pseudo-random QPSK sequence similar to that of CRS.

The pseudo-random QPSK sequence that is used for CRS is defined as follows in [3]:

The reference-signal sequence 
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where 
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 is the slot number within a radio frame and 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 is defined in Section 7.2. The pseudo-random sequence generator shall be initialised with 
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 at the start of each OFDM symbol where 
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As can be observed the initialisation is dependant on the slot number, this would mandate that the positioning measurement can only be carried out on cells that are slot number aligned. If the cells are not slot number aligned, the UE has to blindly detect the slot number misalignment between the different eNB that is part of the measurement or it would have be signalled as part of the neighbour cell list information for positioning. Either of the two different options does not seem to be attractive as the first option would increase the number of blind decodes in the UE and the latter would require a large neighbour list, which introduces extra signalling overhead and also requires further exchange of data between the different eNB on X2. It would however be preferred to have a sequence that does change per subframe to enhance the interference suppression that could be done for both non-coherent and coherent combining in the UE.

OTDOA positioning with PRS assumes that the different eNBs the UE will measure on would transmit the positioning subframe at approximately the same time instance, they will in the worst case partially overlap. Hence it would be possible to introduce a positioning subframe counter denoting the number of the positioning subframe within a burst of consecutive positioning subframes, as this would be common for all cells that are part of the measurement set. An example of this is shown in Figure 1, where the slot number has been translated into the subframe number for simplicity.
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Figure 1 Layout of numbering of positioning subframes

The cyclic prefix as an indicator in rel-8 in the sequence would not add any extra complexity as the PRS pattern would anyhow be dependent on the cyclic prefix. It would only more separate the two different sets allowing for better UE performance when detecting the CP configuration. 

Proposal: PRS sequence initialized as follows 
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, where 
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 indicates the positioning subframe number, 
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 the OFDM symbol number, 
[image: image12.wmf]cell

ID

N

 the cell id and 
[image: image13.wmf]CP

N

 according to 
[image: image14.wmf]î

í

ì

=

CP

 

extended

for 

0

CP

 

normal

for 

1

CP

N

. 

2.2 PRS Pattern

Many different PRS patterns have been proposed for OTDOA positioning. There are two main categories of PRS pattern i.e. irregular patterns and regular patterns. A difference between the different the two categories is that the regular patterns have the drawback that if collisions occur between them, all the PRS will collide. This can be compared to the irregular patterns which can be arranged so that if a collision between different eNB occurs, only a limited number of PRS will collide in e.g. 1 or 2 resource elements.

Based on which type of PRS pattern is adopted it will set different demands on cell planning. If an irregular PRS pattern is adopted similar to the pattern that Ericsson has previously proposed, i.e. an irregular pattern based on Costas sequence in [4]. It will not require any detailed cell planning. 

If on the other hand a regular PRS pattern is adopted the cell-id would require to be planned taking the PRS pattern into account in order to avoid collisions between cells that are transmitting PRS. In a hexagonal network deployment this would of course be rather simple. However taking the reality into account where there is a hierarchical cell structure, different altitudes of eNBs, indoor and outdoor deployments, cell planning would become a challenging task. A possibility to simplify cell planning would be to have a PRS pattern that varies in between its different reuses based on both cell-id and positioning subframe number. As for example according to the following equation 
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where 
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 is the positioning subframe number and 
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 is the number of possible reuse patterns. The function 
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Proposal: 
Adopt either an irregular PRS pattern such as Costas or a regular PRS pattern with time varying reuse as outlined above.

2.3 Impact of AGC/ADC

The potential issue of AGC/ADC on the OTDOA measurements was first brought up in [5] and further discussed during RAN1 57.

In this section, the impact of 8 bits AGC/ADC on the detection of neighbour sites is investigated through system simulations for the system bandwidth’s of 1.4 MHz and 10 MHz, respectively. In these simulations, measurements are based on coherent accumulations of CRS’s from ten consecutive subframes under the general assumptions stated in [9] for an ETU 3 km/h channel and an ISD of 1732 m. 

Figure 2 depicts the impact of the AGC on the fraction of users detecting a certain number of sites no IPDL subframes are considered. We conclude that the impact of the AGC/ADC on the OTDOA measurements appears to be small when using 8 bits AGC/ADC, even when no IPDL subframes are used.
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Figure 2 Detection impact of the AGC/ADC on CRS measurements without IPDL subframes

3 Conclusion

Based on the discussion in this contribution we propose:

· the PRS sequence should be based on an pseudo-random QPSK sequence similar to the CRS sequence, a proposal how to specify this is outlined in section 2.1, 

· adopt either an irregular PRS pattern such as Costas or a regular PRS pattern with a time varying reuse as outlined in section 2.2.,
· the AGC/ADC issue seems not to be severe even when no IPDL subframes are used.
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