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1 Introduction
At the RAN1#57bis meeting, a diagonal time-frequency pattern was agreed as a baseline for the PRS in OTDOA positioning. Different cells could use PRS patterns with different frequency shifts and up to 6 different frequency shifts could be facilitated. However, whether to support time-varying shifting of the time-frequency pattern in the consecutive subframes or not remained to be FFS. Time-varying frequency shifts can be described by an integer valued sequence. In this contribution, we first discuss the properties such time-varying frequency shift sequences should have, if shifting is to be specified, and then evaluate the positioning performance.
2 Frequency shift sequences
At the RAN1#57 meeting, the consecutive subframe accumulation was supported to improve the positioning accuracy. The number of consecutive subframes used for PRS transmission
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could be 1, 2, 4 or 6 [1]. In order to avoid repeated PRS collisions among cells, the cells could use different frequency shifts 
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 of the PRS time-frequency pattern in different subframes. A time-varying shift implies that 
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 shifting sequences 
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should be defined. 
Since the CRS already uses a fixed frequency shift which depends on 
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, the networks will be planned with regards to minimizing CRS-to-CRS interference. Therefore, also the PRS should leverage from this planning to minimize the collisions and increase the interference diversity. This means that the first element of a frequency shift sequence should be the same as the CRS shift of the cell, i.e., 
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. If time-varying frequency shifts will not be specified, it reduces to  
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Time-varying frequency shifts imply more complexity at the UE, since it would have to re-generate the frequency shifting sequence and change its detection process of the PRS accordingly. If to be specified, a frequency shift sequence should therefore minimize the impact to the UE, while at the same time reducing the collision probability. Such sequences are already developed for LTE and these objectives could be achieved by reusing the existing uplink PUSCH frequency hopping sequence design. That is, applying the hopping formula from Sec. 5.3.3 in [2] with 
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initialized with
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, so one would obtain


[image: image13.wmf]î

í

ì

³

=

=

.

1

)

(

0

6

mod

)

(

hop

shift

i

i

f

i

N

i

v

ID

Cell












(3)
By using (2), the complexity of the shifting sequence re-generation at the UE is kept low and these sequences also maximize interference diversity [3] as 
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3 Performance evaluation

In this section, we evaluate the positioning performance of PRS pattern with and without the time-varying shifting. To accurately capture the neighbouring-cell interference, 57 cells (19 sites*3=57cells) are explicitly modelled in the simulation, as shown in Fig. 1. The cell IDs allocated to 57 cells are described in Appendix A. 
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Figure 1. Neighboring-cell interference modeling.
The time-frequency pattern and modulation sequence are the same as those described in [4]. Since the PRS spacing in frequency is 6 subcarriers, a power boosting of 7.78dB is used to maintain the transmit power of PRS symbols the same as that of other DL symbols. However, no power boosting is assumed to CRS due to backwards compatibility to Rel-8. For the non time-varying shifting, the frequency shifting 
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 is tied to the cell ID using (1). 
For comparison, we also evaluate a shifting sequence which is based on the proposal in [4], 
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with 
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. Other simulation assumptions are listed in Appendix B.
Fig. 2 compares positioning performance using (3) and (4) for the 1.4 MHz case. When 
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, (3) reduces to (1) and we thus see that a sequence, such as (4), which does not leverage on using the CRS shift, results in worse performance. The difference is also seen for 
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. Hence, we conclude that a shifting sequence should begin with the CRS shift and in the sequel we evaluate (3) when referring to time-varying frequency shifts.
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Figure 2. Positioning performance comparison of the PRS pattern with the time-varying shifting (3) and (4).
Fig. 3 shows the positioning performance without and with the time-varying shifting (3) for Case 1 and Case 3. The time accumulation is 1, 2 and 4 subframes, respectively. We can see that the performance gain of the time-varying shifting seems to be marginal. Due to the well planned cell IDs, the neighbouring-cell interference can be eliminated to a large degree. Therefore, the additional interference diversity due to time-varying shifts does not result in significant performance improvements in typical network deployments.
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Figure 3 Positioning performance comparison of the PRS pattern without and with the time-varying shifting, for Case 1 and Case 3, respectively.
Fig. 4 contains results for a worst-case situation for Case 3, where we have chosen the cell identities such that all cells have the same CRS shift. Results are given for accumulation of 2 and 4 subframes, respectively. Clearly in this catastrophic case, we expect the most gain out of time-dependent frequency shifting. The results show that the positioning performance gains are large for such a case.
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Figure 4. Positioning performance comparison of the PRS pattern without and with the time-varying shifting in a worst-case deployment scenario.
4 Conclusion
This contribution evaluated time-varying shifting of the PRS pattern for OTDOA positioning. The results show that if time-varying shifting is to be specified, such shifting sequences should have the CRS shift as its first element. Furthermore, for minimizing UE complexity, shifting sequences should be based on existing PUSCH frequency hopping sequences. 
Simulation results obtained from explicit modelling of a large number of cells, show that in typical network deployments there is marginal positioning performance gain of time-dependent frequency shifts. However, for worst-case network planning situations, the gains could be large.
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Figure 5. Cell ID assignment.
Appendix B
Table 1. Simulation assumptions

	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	500m, 1732 m

	Antenna gain
	15 dBi (3-sector antenna as defined in TR 36.942)

	Distance-dependent pathloss
	L=128.1+37.6log10(R) (R in km)

	Carrier frequency
	2 GHz

	Penetration loss and UE speed
	20 dB, 3 km/h 



	System bandwidth
	10 MHz

	eNB power
	46 dBm

	UE noise figure
	9 dB

	Lognormal shadowing standard deviation
	8 dB


	Shadowing correlation 
	Between sites
	0.5

	
	Between sectors
	1

	Correlation distance of shadowing
	50 m

	Channel model
	ETU

	Network synchronization
	Synchronous

	Positioning subframe
	Normal subframe

	Cyclic prefix
	Normal CP

	Number of PDCCH symbols
	3

	Number of transmit antennas
	1

	Number of receive antennas
	2

	False alarm rate
	1%

	Search window length
	4 km

	Subframe accumulation
	Non-coherent
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