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1. Introduction

The basic RAN1 concept for OTDOA was agreed in [1]. This contribution deals with the following remaining issues based on the discussion and simulation results;
· Assumption of the number of PDCCH symbols to design PRS pattern

· Relationship between PCI (Physical Cell ID) and PRS-ID

· The number of configurations according to system BW

· Time varying PRS pattern on consecutive subframes
· Frequency reuse vs. Time reuse
· Comparison on proposed PRS pattern so far

2. Proposed PRS Pattern

The basic principle for proposed PRS pattern follows that in [2].  The generated matrix can be mapped to practical time/frequency resources. The number in matrix is corresponding to PCI. In case frequency reuse is 6, the PRS sequence 
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One PRB based PRS design according to the above principle is illustrated in Figure 1.
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Figure 1 Proposed PRS pattern for frequency reuse 6
3. Simulation Set-up
The basic simulation parameters are listed in Table 1. Only PRS is used for positioning fixes in order to compare the different proposals in terms of pure PRS performance although both of CRS and PRS can be utilized for that. The Es/Iot and RSRP were measured at UE side for each cell to investigate the hearability. We applied the common Es/Iot and RSRP threshold for all PRS patterns although the exact values will be defined by RAN4. Given that the measurement results satisfy the threshold value, the replica-based timing measurement is performed for the detected cells to study the estimated timing accuracy. The performance of positioning fix, in principle, is dependent on hearability and accuracy of estimated timing. The timing accuracy is dependent on the auto-correlation profile and cross-correlation of the PRS patterns/sequences while the hearability is dependent on time/frequency reuse. In order to study the impact of auto-correlation profile from different PRS patterns, we consider the following two assumptions depending on timing search window. Otherwise, we consider only practical timing assumption.
· Ideal timing assumption
· The timing measurement is performed around ideal timing position which is corresponding to the earliest path.

· It can hardly reflect auto-correlation property due to PRS pattern. The performance of positioning fix will be mainly dependent on hearability.
· Practical timing assumption

· The timing search window is up to 10km.

· The performance of positioning fix is practically influenced by auto-correlation property on timing accuracy. Therefore, the performance of positioning fix will reflect both hearability and timing accuracy due to PRS patterns.
Table 1 Simulation Parameters
	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
	1.4, 3, 5, 10, 20 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

	Cyclic prefix
	Normal CP

	Positioning subframe
	Normal subframe

	Number of transmit antennas
	1

	CRS pattern
	Rel-8

	PRS pattern
	Figure 1 unless otherwise mentioned

	CRS transmission
	Always ON

	PRS boosting
	Dependent on PRS pattern

	Used RS for OTDOA measurement
	PRS only

	Number of receive antennas
	2

	Periodicity of positioning subframe
	320ms

	Number of accumulated consecutive subframes for positioning subframe
	1, 2, 4

	Number of PDCCH symbols
	3

	RS sequence
	Pseudo-random QPSK

	Probability of data blanking in positioning subframe
	100%

	CRS/PRS transmission probability
	100%

	Cell ID planning
	Planned, Unplanned

	Es/Iot threshold
	-14dB

	RSRP threshold
	-127dBm

	Max number of sites for OTDOA measurement
	10

	Timing measurement
	Replica based, coherent combining within a subframe

	Timing measurement window
	(1) Ideal timing assumption: around ideal timing (for comparison of different PRS patterns)
(2) Practical timing assumption: 10km (for all cases)


4. Discussion on the Remaining Issues
· Number of PDCCH symbols for PRS pattern
According to [3], the possible number of PDCCH symbols is up to 3 and 4 in case that the system bandwidth is equal to or more than 3MHz and less than 3MHz, respectively. In this case, UE behaviour has two options in order not to degrade the performance of positioning fix; (1) UE always assumes the maximum PDCCH symbols. (2) The related parameter of the number of PDCCH symbols for a cell is signalled to UE. While the option (1) is clear to design PRS pattern, the additional overhead on the signalling is necessary for option (2). Also, the performance benefit is not clear from option (2). Therefore, the option (1) is apparently benefit for PRS pattern design.
Proposal: The PRS pattern is designed assuming the number of PDCCH symbols is 3 in case of 
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· Relationship between PCI and PRS-ID

The current neighbour cell measurement and report of Rel-8 are done based on PCI. In addition, the number of PCIs was decided considering the effective cell ID planning. Since the cell planning for PRS-ID is also necessary, it is natural that the one-to-one relationship between PCI and PRS-ID. Also, the same format on positioning report can be reused as Rel-8 one.
Recently, the LS indicated the PCI collision and confusion problem particularly in heterogeneous network [4]. The probability of PCI collision depends on the number of PCIs available for such cells. The LS states that this collision probability may be non-trivial due to the fact that the number of PCIs allocated to HeNB/CSG cells is deployment specific. To utilize PRS might be able to solve the problems of PCI collision and confusion, which implies one-to-multiple relationship between PCI and PRS-ID.
However, regarding PCI collision, RAN1 already sent the LS which shows the collision probability is not so high with ~50 PCI reservation via system level simulation [5][6]. In addition, the collision probability can be further reduced via network based mechanism. Even with the extended PRS-ID without PCI extension, the resultant PCI collision will happen again in other physical channels since all the DL/UL physical channels are transmitted based on PCI. In consequence, it turns out that the PRS-ID extension will not also become a fundamental solution as long as the practical PCI range is not extended.
On the issue of PCI confusion, the solution might be up to RAN2. As a simple example, the UE might be able to report the global cell ID to solve the PCI confusion issue.
In that sense, it is necessary to clarify seriousness for the problem of PCI collision first. Then, even though it is really problematic, the PRS-ID extension is not a good solution.

Proposal: One-to-one relationship between PCI and PRS-ID

· Number of configurations according to system BW
It is apparent that the wider bandwidth results in the better performance of positioning fix by increasing timing resolution. Figure 2 shows the positioning performance according to system bandwidths. There might be some cases that to limit the configurations for system bandwidth may be beneficial. According to the simulation result, to limit the system bandwidth up to 10MHz seems to be reasonable if the restriction of the number of configurations from different system bandwidth is required.
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Figure 2 Positioning fix according to system bandwidth
Proposal: The configured system bandwidths for PRS pattern are up to 10 MHz (1.4MHz, 3MHz, 5MHz, and 10MHz), if needed.
· Time varying PRS pattern on consecutive subframes

 It was agreed that time varying PRS pattern between different subframes is FFS [1]. There is a trade-off for time varying and non time varying PRS pattern. The positioning fix is expected to be enhanced with time varying PRS pattern while it requires additional signalling to indicate subframe number.
Figure 3 shows the performance of positioning fix on time varying PRS pattern. It is shown that the multiple averaging on consecutive subframes with time varying PRS pattern slightly enhances the performance compared with non time varying PRS pattern. However, the performance gain seems to be marginal considering additional signalling overhead.
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Figure 3 Time varying PRS pattern, unplanned cell ID
Proposal: Non time varying PRS pattern is preferred considering the trade-off between the performance and additional signalling.
· Frequency reuse vs. Time reuse

There is a trade-off between frequency and time reuse approach; energy increase of PRS vs. low interfernce. Figure 4 depicts the positioning fix for orthogonal frequency reuse 6 and orthogonal time reuse 6. Both of 1-subrame and 2-subframe averaging with 320ms period was taken into account. The pilot boosting with 6dB for frequency reuse and with 0dB for time reuse was applied. It is noted that all the subcarriers in an OFDM symbol are occupied in time reuse. The performance of time reuse is degraded compared to frequency reuse due to lower energy while the convergence of positioning fix can be enhanced in similar level to each other by means of multiple subframe accumulations. 
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Figure 4 Comparison of frequency and time reuse
Proposal: The orthogonal frequency reuse is preferred rather than orthogonal time reuse.
· Comparison of PRS patterns

We may have the following two categorizations;
· Orthogonal reuse based

· The different PRS patterns are generated by orthogonal time or frequency shifts.
· The number of patterns is corresponding to time or frequency reuse. For example, there are 6 different PRS patterns in case of reuse 6.
· The complexity reduction scheme is possible [10][14].

· The multiple peaks can be removed by means of no empty subcarrier in a subframe level [10].

· Simplified expression for specification
· Proponents: Qualcomm [10], Motorola [11], Nortel [12], ALU [13], LG
· Fractional reuse based

· The different PRS patterns are generated by orthogonal or quasi-orthogonal time or/and frequency shifts.
· The number of patterns is corresponding to time or/and frequency reuse. For example, there are 96 (=12*8) different PRS patterns in normal CP assuming three PDCCH symbols.
· The complexity cannot be reduced due to the different PRS patterns.

· It is noted that the fractional reuse could be also implemented by controlling the probability of PRS transmission from each cell [15].

· There are multiple peaks or bad auto-correlation profile due to empty subcarriers in a subframe level. It is noted that this property is important in neighbour cell measurement which is conducted in very low SINR level.
· Complex expression for specification

· Proponents: Ericsson [7], Pantech&Curitel [8], ZTE [9]
Among above proposals, we selected six ones to study the positioning performances; LG, Qualcomm, Ericsson, Pantech, Motorola, and ZTE. We also applied different modulated sequences for different PRS patterns.
We considered the different RS boosting depending on the PRS patterns for evaluations.

· LG, Qualcomm: 6dB

· Ericsson, Pantech, ZTE: 9dB

· Motorola: 3dB

Figure 5 shows the performance comparison for different PRS patterns in ‘Ideal timing assumption’. From the simulation results, we observe that;
· Timing accuracies from different patterns are not different each other due to the narrow timing search window. For Motorola’s pattern, the positioning accuracy is degraded to others due to less symbol energy (two OFDM symbols within a subframe). But, the interference for given REs in a cell is mitigated in case cell ID planning is applied.
· The hearability from Fractional reuse based patterns is slightly better due to larger frequency reuse, 12.
· This ‘Ideal timing assumption’ cannot reflect the characteristics of auto-correlation profile from different PRS patterns.
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Figure 5 Comparison of different PRS patterns, Ideal timing assumption
Figure 6 shows the performance comparison for different PRS patterns in ‘Practical timing assumption’. From the simulation results, we observe that;

· It is apparent that the Orthogonal reuse based patterns (LG, Qualcomm) show the best performance of positioning fix due to better auto-correlation profiles (no empty subcarrier in a subframe level).
· For Motorola’s pattern, the performance is worse due to the auto-correlation profile with empty subcarriers and the less energy with time reuse.

· For Qualcomm’s pattern, the diagonal PRS pattern of a certain cell is likely to collide to neighbour cell’s PRS for all PRS elements with different propagation delay.

· The positioning performances of Fractional reuse based patterns (Ericsson, Pantech, ZTE) are worse than Orthogonal reuse based ones because of worse auto-correlation profiles.
· It is observed that the auto-correlation profiles are dependent on the null subcarriers because the proposals have different the position of null subcarriers.
· When the Es/Iot threshould is decided according to the false alarm rate from these patterns, the hearability will not be practically increased.
· This ‘Practical timing assumption’ can effectively reflect the characteristics of auto-correlation profile from different PRS patterns.
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Figure 6 Comparison of different PRS patterns, Practical timing assumption
Proposal: Adopt the Orthogonal reuse based PRS pattern for OTDOA.
5. Conclusions
In this contribution, we discuss and investigate the remaining issues on OTDOA. We suggest considering above discussion and evaluation results in order to agree the RAN1 remaining issues on positioning support.
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