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1. Introduction

For the LTE Rel-9 OTDOA positioning, the use of PRS(Positioning Reference Signal) is on discussion.  At the previous RAN1 meetings(#56-bis~#57-bis), the way forward on general concepts of LTE OTDOA positioning and a part of the RAN1 draft CRs for LTE Rel-9 positioning were agreed [1], [2]. Many contributions were also proposed for PRS patterns to configure positioning subframes. 
Those proposed PRS patterns to configure positioning subframes can be classified into two categories [3], [4] – irregular pattern and regular pattern. In several contributions [3]~[8], it was already discussed that the irregular patterns such as Costas(Modular sonar sequence) based patterns proposed in [5], [6], and [7], had some advantages in positioning performance. They can generate more low interference patterns than regular patterns such as diagonal pattern that is proposed in [9]. The regular patterns have the drawback, that is, if collisions occur between them, all the PRS REs will collide. Because, the regular patterns that are orthogonal but could be shifted only by one subcarrier or one symbol may overlap with each other significantly when the time uncertainty exceeds the length of the CP even if a synchronized network is assumed [3]. 
In spite of lower positioning performance along with other drawbacks, the regular patterns, such as diagonal pattern, have one advantage that is ‘Easier(Simpler) to define’ [3]. Additionally, to compensate for lower positioning performance by avoiding collisions between cells that are transmitting PRS, the ‘time varying reuse scheme based on pseudo-random sequence’ was proposed as shown in [4].
Consequently, in the RAN1 draft CRs for LTE Rel-9 positioning, the regular pattern, such as diagonal pattern, with time varying reuse scheme was temporarily agreed. However, the time varying reuse scheme was not fully agreed and left to be evaluated to see whether it truly helps improve performance of regular(diagonal) PRS pattern (that is at least up to that of irregular patterns). 
Therefore, above time varying reuse scheme was marked pending in the draft CR 36.211, and it was one of remaining issues in the RAN1 draft CRs for LTE Rel-9 positioning.
In this contribution, we provide some simulation results and discussions for above remaining issue. 
2. Simulation parameters and PRS patterns used for simulation
The basic simulation parameters are listed in Table 1.
Table 1 : Simulation Assumptions
	Parameter
	Assumption

	Cell layout
	Hexagonal Grid, wrap around

	Inter-Site distance
	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
	Indoor: 20 dB, 3 km/h for 1732m (Case 3)

	Carrier bandwidth
	10 MHz (50RB)

	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 (defined in TS 36.141 V8.2.0)

	Network synchronization
	Synchronous

	Cyclic prefix
	Normal CP

	Positioning subframe
	Normal subframe

	Number of transmit antennas
	2 (for CRS), 1 (for PRS)

	Number of receive antennas
	2

	Periodicity of positioning subframe
	320 ms

	Number of accumulated consecutive subframes
	1, 2, 4

	Number of neighbor cell sites
	~2nd tier cells (19cells including serving cell)

	Maximum number of cell sites for OTDOA measurement
	19

	CRS Pattern
	Rel-8

	CRS transmission
	Always transmitted

	PRS Pattern
	Figure 1, Figure2, Figure3

	PRS Sequence
	Pseudo Random QPSK (as defined in draft CR TS36.211)

	Timing search window 
	8km

	Probability of data blanking in positioning subframe
	100%

	CRS/PRS transmission probability
	100%


The PRS patterns used for simulation are illustrated in Figure 1, Figure 2, and Figure 3. Figure 1 is for regular(diagonal) pattern as defined in draft CR TS36.211 [1]. To measure the degree of performance improvement by time varying reuse scheme for regular pattern, the positioning measurement error for irregular pattern was also simulated. Figure 2 illustrates irregular(Costas based) pattern used for simulation. In [10], it was proposed that the modified regular(diagonal) pattern has been designed for a CFI(Control Format Indicator) value of 3. Figure 3 illustrates above modified regular pattern, which was also simulated to compare with original regular(diagonal) pattern as defined in daft CR TS36.211. 
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         Figure 1a : Normal subframe with normal CP                Figure 1b : Normal subframe with extended CP
Figure 1 : Regular(diagonal) PRS patterns as defined in draft CR TS36.211
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Figure 2a : Normal subframe with normal CP                Figure 2b : Normal subframe with extended CP
Figure 2 : Irregular PRS patterns (Costas based patterns as defined in [5], [6], [7])
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Figure 3a : Normal subframe with normal CP                Figure 3b : Normal subframe with extended CP
Figure 3 : Modified regular PRS patterns (Diagonal patterns as defined in [10])
3. Simulation results and some discussions about results 
(1) Simulation results
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Figure 4 : Simulation results for Regular pattern as defined in draft CR with time varying or non-varying 
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Figure 5 : Comparative simulation results for PRS patterns with time varying or non-varying
(2) Discussions about simulation results
From simulation results as shown in Figure 4 and Figure 5, we can observe that 
- The time varying reuse scheme that was proposed in [4] and defined in [1] does not help regular PRS pattern such as diagonal pattern that was proposed and defined in [1] to improve performance, i.e. there is no perceivable difference on measurement errors between the regular(diagonal) pattern with time varying reuse scheme and the regular(diagonal) pattern with time non-varying scheme.
- The original PRS pattern for positioning subframe configuration, i.e. irregular or regular pattern is more critical to positioning performance than the use of time varying reuse scheme for PRS pattern. For example, it was found that irregular pattern had about 5% better measurement error performance over regular pattern, but there was only 0.5~1% difference with time varying reuse scheme and time non-varying scheme over two patterns.

- There is also no perceivable difference on measurement errors between modified regular pattern as defined in [10] and regular pattern as defined in draft CR [1]. From this observation, since the modified regular pattern was designed to avoid secondary peaks(false alarms) caused by empty(null) subcarriers, it could be said that the empty(null) subcarriers are less critical to positioning performance than other points such as large number of patterns(reuse factor) for PRS pattern design. Moreover, the modified regular pattern as defined in [10] is no longer easier(simpler) to define when compared with regular pattern as defined in draft CR [1].
    The regular PRS patterns such as diagonal patterns could use time varying scheme with planning of Cell IDs. With time varying PRS pattern over multiple consecutive subframes and Cell ID planning, it may be possible that any two cell sites would not have same pattern across those multiple consecutive subframes. However, as shown in Figure 6, only the cell IDs of those colliding cell sites are changed subframe by subframe and, thus, the interference from these colliding sites still exists over the target cell site where a measurement is to be taken. Therefore, as expected, there is only marginal positioning performance gain from regular pattern with time varying reuse scheme when compared with time non-varying one. 
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Figure 6 : Illustration of real situation for collisions in regular pattern with time varying reuse scheme 
4. Summary 
From above simulation results, our technical views on time varying reuse scheme in the RAN1 draft CRs of LTE Rel-9 positioning are as follows,
- The regular PRS pattern such as diagonal pattern in draft CR TS36.211 is ‘easier(simpler) to define’ (This is the main reason the regular(diagonal) pattern was chosen for draft CR for LTE Rel-9 positioning), but, has lower performance than other PRS patterns.
- To compensate for lower performance of regular(diagonal) pattern, it was suggested to add ‘time-varying reuse scheme based on pseudo-random sequence’ as defined in draft CR TS36.211. However, this time-varying reuse scheme gives only marginal positioning performance gain and rather increases complexity, which would obviously much diminish the main advantage of using regular patterns – the easiness or simplicity.
- Since the performance gain from the time varying scheme is non-perceivable, for the sake of simplicity,  the regular(diagonal) PRS patterns with time non-varying scheme may be a better choice! However, as have been shown, these patterns, even with time varying scheme added on to it, have lower performance.
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