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1. Introduction
In this contribution, we discuss some of the remaining open issues on Positioning Reference Signal (PRS) design and propose solutions. 
2. Sequence Design

Three sequence designs have been proposed so far – 

1. Pseudo-random QPSK design similar to CRS design
2. ZC based design [5]
3. SSS based design [2]
In this section, we compare these designs in terms of search complexity and cubic metric.

2.1. Search Complexity Comparison

Search complexity is an important consideration in cases where there is no assistance data available as well as when the assistance data contains a large number of cells. We consider two different methods of performing search – 

1. Method 1 – Searching all relevant delays per sequence in one shot

2. Method 2 – Searching all sequences per delay hypothesis in one shot
Table 1 below shows the relative complexity of different sequence designs with both the methods for the case where there is no assistance data.  The SSS based design using Method 2 has some complexity advantage over other sequences in this case. In Method 1, ZC based sequences require more number of multiplications because of the term by term multiplication step in frequency domain. These multiplications are not required with QPSK and SSS based designs. In Method 2, both ZC and QPSK based designs require large number of operations because of the lack of a fast transform as in the case of SSS based design. In the case of QPSK based design, most of these operations are additions because of the integral components of a QPSK symbol.
Table 1 - Complexity Comparison (Search Window size – 6km, 
Number of sequences searched – 504, BW – 10 MHz)

	
	Method 1
	Method 2

	
	ZC
	QPSK
	SSS
	ZC
	QPSK
	SSS

	Complex Mults
	1.9 X
	1.75X
	1.75X
	46.3X
	X
	X

	Complex Adds
	1.51Y
	1.62Y
	1.51Y
	75.47Y
	108Y
	Y


The complexity of Method 1 would scale down with the number of cells in the assistance data and would be smaller than that of Method 2 SSS in most practical situations. Only in the case where there is no assistance data does SSS-based sequence offer some advantage. 

2.2. Cubic Metric Comparison

Figure 1 shows the CDF of cubic metrics [1] of the three PRS sequence designs. The ZC sequence based design [5] has roughly 2 dB advantage over the other two designs in terms of boosting capability and hence coverage of PRS.
[image: image1.emf]0 1 2 3 4 5 6 7 8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

x (dB))

Prob(Cubic Metric <= x)

Comparison of Cubic Metrics of Different Proposals

 

 

Pseudo Random QPSK

SSS Based Design

ZC Based Design


Figure 1 – Cubic Metric CDFs of PRS Sequences
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Figure 2 – Position Error CDF for ETU Case 3 with Full Boosting and No Boosting
ZC sequence is the most complex of the three choices, but provides a benefit in cubic metric. However, this benefit does not appear to lead to a noticeable difference in positioning performance (as shown in Figure 2) in the simulation scenarios considered. Between QPSK and SSS, SSS has slightly better complexity and the cubic metrics are about the same. Either QPSK or SSS should therefore be an acceptable sequence for PRS, however the QPSK-based design may be preferable since the current CRS sequences may be reused.
3. Pattern Design

Several designs were proposed for PRS during the last several meetings. The proposals can be broadly classified as – 
1. Regular pattern

2. Costas array based pattern

Figure 3 below shows a regular pattern [2] and Figure 4 shows a pattern based on Costas array [4]. 
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Figure 3 – Regular Pattern
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Figure 4 – Costas Array Based Pattern
Figure 5 shows the auto-correlation of pseudo-random QPSK sequences based on both pattern designs. It can be observed that the Costas array based pattern has a severe secondary peak problem compared to the regular pattern. The PRS in the Costas array based pattern covers only 9 of the 12 subcarriers in a resource block. The PRS in the regular pattern, on the other hand, covers 5 of the 6 subcarriers in half a resource block and 4 of the subcarriers are used twice. This imbalance in covering the bandwidth seems to be more severe in the Costas array based design which manifests as significant secondary peaks. Note that the CRS signals were not used in this analysis because the interference seen by CRS is higher than the interference seen by PRS because of the higher reuse of CRS.
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Figure 5 – Comparison of auto-correlations of PRS pattern proposals

One of the other properties of the Costas-array pattern [4] is that it is pseudo-orthogonal, i.e., two patterns overlap in very few locations. However, the fact that the patterns are not truly orthogonal makes the cross-correlation substantially worse than that of orthogonal patterns. Moreover, in practice a given cell sees interference from multiple neighbors, which “in aggregate” will collide in several locations, further hurting the “aggregate” cross-correlation. As a result, we prefer truly orthogonal designs to pseudo-orthogonal ones.

A regular pattern design with frequency offset based on PCI alone could suffer from static neighbor cell interference. A simple method to avoid such a problem would be to use time varying frequency offset with dependence on both PCI and System Frame Number (SFN). Therefore, it is recommended that a regular pattern with time-varying frequency offset be adopted for PRS transmission.
4. Time Reuse

It has been pointed out in some contributions [6] that UE hardware limitations (especially AGC and ADC) when coupled with high path loss differences could lead to interference scenarios where the non serving cell signals are lost in ADC quantization error and hence become undetectable. Time-reuse of PRS can be used to overcome these hardware limitations. Time reuse of PRS is useful because – 

1. The performance evaluations based on scenarios in [8] did not take into account several practical considerations like AGC/ADC modeling and other receiver impairments. 

2. One of the goals of the positioning work item [7] is to come up with a design whose performance is equal to or better than UTRAN positioning performance. The concept of IPDL used in UTRAN includes time reuse in a natural manner.
3. The overhead of providing time reuse is minimal. The time reuse can be incorporated either within a subframe (for example on a slot basis) or across subframes. There will be some loss in coverage and increase in time to fix with the first and second methods respectively. However, based on the results shown earlier (see Figure 2, for example) with and without power-boosting, it does not seem that using part of a subframe, for example, would have a significant impact on positioning performance.
Based on the above discussion, we believe that time-reuse should be incorporated into the PRS design. A simple way to do this is to restrict PRS transmission to either the first or the second half of the PRS subframe. An alternative method is for each cell to transmit PRS in only a subset of PRS subframes. 
5. Conclusions
In this contribution, we presented analysis and simulation results to address some of the open issues w.r.t positioning support for LTE. Based on this, we conclude that – 

1. Pseudo-random QPSK based design for PRS sequences is preferable because this will enable the reuse of CRS sequences.
2. Regular PRS patterns are preferable because they provide true orthogonality as well as negligible secondary peaks. A time-varying should be used (i.e., dependent on both PCI and SFN) in order to avoid static set of interferers.
3. Time reuse of PRS should be allowed (e.g., transmission of PRS on PRS subframes must be a function of PCI and SFN) in order to minimize desense related issues. 
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