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1. Introduction

For the LTE (Rel-9) OTDOA positioning, the use of PRS(Positioning Reference Signal) is on discussion, and the PRS sequence and pattern design  are one of the open issue. At the previous RAN1#57 San Francisco meeting, the way forward on general concepts of LTE OTDOA positioning was agreed [1], and several contributions were proposed for PRS design [2]~[9].  Nevertheless, more detailed and specific concepts of PRS design are remaining issues.

 In this contribution, we provide further and modified examples of proposed PRS pattern based on Modular Sonar sequences in [4] and some considerable points with simulation results for detailed and specific concepts of PRS design. 
2. PRS pattern based on Modular Sonar sequences

(1) Truncated Modular Sonar sequence
Modular Sonar sequence was introduced in [14] as examples of two-dimensional synchronization patterns with “minimum ambiguity”. In a minimum ambiguity point of view, each patterns constructed by this sequence has the property that in any position reachable by shifting in time and/or frequency, other than the original position, the translation of the original pattern will overlap with original in “at most one” dot location [14].
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 Modular Sonar sequence can be transformed into 
[image: image2.wmf](`)

MNN

´-

 sequence by truncation of last 
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 Modular Sonar sequence with length 
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. By truncation of original Modular sonar sequence, the minimum ambiguity property can be broken, but almost maintained since most properties of the distinct modular differences are  still maintained after truncation. 
The truncated Modular Sonar sequence has two advantages. One of advantage is that the truncated Modular Sonar sequence is more flexible than original Modular Sonar sequence or Costas array for any subframe structure. For example, in MBSFN subframe, 11(modulo)
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10(length) is the best choice with consideration for size of Modular Sonar sequence or Costas array though each RB has only 12 consecutive subcarrier sets at each OFDM symbol. However, it can be made from 12(modulo)
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 Modular Sonar sequence. Moreover, generated 
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 sequence can be applied directly to Normal subframe (with normal CP or extended CP) by more truncation. The other advantage is the number of cell-specific distinct PRS patterns by cyclic time/frequency shift of original pattern. For example, above 
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 cell-specific distinct PRS patterns using cyclic time/frequency shift of original pattern, but the 
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 sequence by truncation of 
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 cell-specific distinct PRS patterns.
If 
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 Modular Sonar sequence, the 
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 sequence is not only Modular Sonar sequence but also Modular (or called Perfect periodic) Costas Array such as above 
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 Modular Sonar sequence.
It is shown in [4] that these patterns have good properties in the sense of the numerical performance analysis, i.e. a large number of patterns,  very small overlap probability between 2 or more REs  and  very small average number of overlapped REs. In particular, it was also found in [4] that the minimum average number of the overlap REs seem to be given as 
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 in any patterns(either random or non-random pattern, either irregular or regular pattern) for 
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 2-dimensional structure with more than 
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 reuse factor of original pattern. In the proposed truncated Modular sonar sequence, the average number of the overlapped REs seems to be close or equal to optimal minimum value for all possible cases. 
From some comparative numerical performance analysis in [4], it is more considerable among irregular patterns in [2], [4], and [6] that the PRS patterns based on truncated sequence from 12ⅹ12 Modular sonar or (perfect periodic) Costas Array in any positioning subframe (either MBSFN or Normal). Because it has the largest number of patterns (=144 patterns in any type of subframe), smaller probability of more than 2 REs overlap and nearly optimum average number of the overlap REs. 
(2) Further and modified cases of proposed PRS pattern based on Modular Sonar sequences
As mentioned above section, a 
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 Modular Sonar sequence {0,1,4,2,9,5,11,3,8,10,7,6} by ‘Logarithmic Welch’ method is proposed for OTDOA positioning. For MBSFN subframe, a 
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 Modular Sonar sequence {0,1,4,2,9,5,11,3,8,10} can be obtained as shown in Figure 1a by truncation of last 2 length of above 
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 Modular Sonar sequence. For Normal subframe with normal/extended CP, a 
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 Modular Sonar sequence {0,1,4,2,9,5,11,3,8}/{0,1,4,2,9,5,11,3} can be obtained as shown in Figure 1b/1c by truncation of last 3/5 length of above 
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 Modular Sonar sequence.
It is possible that the PRS pattern based on Modular Sonar sequence is generated from a function based on PCI by following process.
<Process for generating PRS pattern based on Modular Sonar sequence (from a function of PCI)>
Let the total number of distinctive cell-specific patterns by frequency/time reuse is 
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 and the original 
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Figure 1a : MBSFN subframe
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Figure 1b : Normal subframe with normal CP       Figure 1c : Normal subframe with extended CP
Figure 1 : Proposed PRS patterns based on Modular Sonar sequence for LTE Rel-9 OTDOA positioning
a) Generating original 
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 Modular Sonar sequence 
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b) Generating 
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c) Generating truncated 
[image: image45.wmf](')

MNN

´-

 Modular Sonar sequence 
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d) Forming PRS pattern : In 
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 frequency(subcarrier)/time(symbol) 2-dimensional structure, the PRS pattern is formed on every intersection RE of 
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e) Mapping PRS sequence on to PRS pattern of OTDOA positioning subframe 

For comparison of patterns with ‘orthogonal reuse based design having small number of patterns(=reuse factor) vs. quasi-orthogonal reuse based design having large number of patterns(=reuse factor)’ and ‘irregular pattern design vs. regular pattern design’ as mentioned in [10], [8] and [7], above process for generating PRS pattern based on Modular Sonar sequence is branched into following further and modified cases
1) Case A-1 : quasi-orthogonal reuse based design with 144 patterns(=reuse factor)& irregular pattern 

This case is already proposed in [4]. For this case, 
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={0,1,4,2,9,5,11,3,8,10,7,6}. The total number of patterns and frequency/time reuse factor is 144. Valid varieties of cyclic frequency shift from original pattern
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 are 12 and also valid varieties of cyclic time shift from original pattern
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 are 12. Figure 2a is original PRS pattern 
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 cell sites in normal subframe with normal CP.

2) Case A-2 : quasi-orthogonal reuse based design with 24 patterns(=reuse factor) & irregular pattern 

For this case, 
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 is same as Case A-1. Additionally, the equation (1) in above process is replaced by following equation, 
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The total number of patterns and frequency/time reuse factor is 24. Valid varieties of cyclic frequency shift from original pattern
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 are 12 and also valid varieties of cyclic time shift from original pattern
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 are 2. Figure 2a is original PRS pattern 
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3) Case B : orthogonal reuse based design with 12 patterns(=reuse factor) & irregular pattern 

For this case, 
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 is same as Case A-1. Additionally, the equation (1) in above process is replaced by following equation, 
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The total number of patterns and frequency/time reuse factor is 12. Valid varieties of cyclic frequency shift from original pattern 
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 is 12 (cyclic time shift is not valid for this pattern). Figure 2a shows original PRS pattern 
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4) Case C : orthogonal reuse based design with 6 patterns(=reuse factor) & irregular pattern 

For this case, 
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 is same as Case A-1. However, the PRS pattern is formed by not only every intersection RE of 
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available subcarrier axis. Additionally, the equation (1) in above process is replaced by the equation in Case B. The total number of patterns or frequency/time reuse factor is 6. Valid varieties of cyclic frequency shift from PRS pattern for 
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5) Case D : orthogonal reuse based design with 6 patterns(=reuse factor) & regular pattern 

For comparison analysis, the PRS pattern in Qualcomm’s contribution [8] is used for Case D. As shown in Figure 2c, this case D has the same property as Case C for all conditions and parameters except using regular pattern design. The total number of patterns and frequency/time reuse factor is 6. Valid varieties of only cyclic frequency shift from PRS pattern for 
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Figure 2a : PRS pattern for 
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Figure 2b : PRS pattern for 
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 cell sites for Case C    Figure 2c : PRS pattern for 
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3. Considerable points with simulation results for PRS design
As mentioned above section, it is considerable points that firstly, ‘orthogonal reuse based design with small number of patterns vs. quasi-orthogonal reuse based design with large number of patterns’ and secondly, ‘irregular pattern design vs. regular pattern design’. For  these pattern design, we simulated for all cases in above section. The basic simulation parameters are listed in Table 1 and the simulation cases are rearranged in Table 2.
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 2

	PRS Sequence
	Pseudo Random QPSK ( as defined in TS 36.211)

	Timing search window 
	8km

	Probability of data blanking in positioning subframe
	100%

	CRS/PRS transmission probability
	100%


Table 2 : Numerical analysis in different simulation cases for Normal subframe with normal CP

	
	PRS pattern

Type (company)
	irregular

or

regular
	orthogonal

or quasi-

orthogonal
	* Average
# of overlap REs  
	** Average # of overlap PRS signals
	total  # of PRS REs in one subframe
	total # of PRS patterns
(reuse factor)

	Case A-1
	Pantech

(T=144/24),
cf)  Ericsson [6], ZTE [2]
	irregular
	quasi-

orthogonal
	0.6923
	0.7916
	9
(1 per symbol)
	144
(freq./time)

	Case A-2
	
	
	
	0.3750
	0.7916
	9
(1 per symbol)
	24

(freq./time)

	Case B
	Pantech(T=12)
	
	orthogonal
	0
	1.7368
	9
(1 per symbol)
	12

(freq. reuse)

	Case C
	Pantech(T=6),

cf)  LGE [7]
	
	
	0
	3.2105
	18

(2 per symbol)
	6

(freq. reuse)

	Case D
	Qualcomm [8]
	regular
	
	0.
	3.2105
	18

(2 per symbol)
	6

(freq. reuse)


Note : * Average # of overlap REs in Table 2 means that the average number of overlap REs between any two patterns. If the average number is 0, it is orthogonal between any two patterns.
      ** Average # of overlap PRS signals in Table 2 means that the average number of overlapped PRS signals from each cell in certain time/frequency resources which are corresponding to certain PRS REs. If we receive and measure PRS signal from up to 2nd tier cells (total 19 cells including serving cell), in the case C or D with 6 patterns, the PRS signal is received from 3 or 4 cells having same PRS pattern in certain time/frequency resources and the average # of overlapped PRS signals is 3.2105.                         
(1) Comparison of PRS patterns

1) ‘orthogonal reuse based design’ (Case A) vs. ‘quasi-orthogonal reuse based design’ (Case B/C/D) 

The main considerable point for PRS pattern design is that ‘orthogonal reuse based design with small number of patterns vs. quasi-orthogonal reuse based design with large number of patterns’. 
   In quasi-orthogonal reuse based design, any two patterns overlap in very few time/frequency locations which are corresponding to certain PRS REs. Moreover, the patterns which are not perfectly orthogonal have lower cross-correlation value than orthogonal patterns. However, If we assume that the number of neighbouring cell which UE can receive and measure is less than or the same  as reuse factor (=12 in Case B and 6 in Case C or D), it is really true that patterns which are not perfectly orthogonal have lower cross-correlation value than orthogonal patterns. Nevertheless, for performance improvement of positioning by the increase of hearability, if we consider that the number of cell sites for OTDOA measurement is 19 (it is generally assumed by cells up to 2nd tier cells including serving cell), it is substantially might not be true that patterns which are not perfectly orthogonal have lower cross-correlation value than orthogonal patterns.  Therefore, real cross-correlation situation has to be considered as shown Figure 3a. 
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Figure 3 : Illustration for real cross-correlation situation 

(In order to measure PRS signal from cell with
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In Case A, if a collision between different cell sites (eNB) occurs, only a limited number of PRS REs will be collide. For example as shown in Figure 3, there is no collision PRS REs between eNB having 
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 and there is only 1 collision PRS REs between eNB having 
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. For consideration of all 9 PRS REs in one normal positioning subframe, there are 6 collision PRS REs (= 0.6667 collision PRS REs per symbol). On the other hand, in Case B/C/D, if collisions occur between eNBs, all the PRS REs will be collided. For example in Case C or D with orthogonal 6 patterns as shown in Figure 3, there is no collision PRS REs between eNB having 
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, but all the PRS REs will be collided between eNBs having 
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 The collision PRS REs per symbol is also increased as 4. In real cross-correlation situation as shown in Figure 3, although the OTDOA measurement module in UE wants to measure time of arrival for PRS signal from only eNB having 
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  based on certain time/frequency pattern (the time/frequency pattern is above eNB’s PRS pattern), UE receives all signals from eNB having 
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 in Case C or D. The PRS signal which UE can measure contains all signals from above 4 eNBs so that it could cause interference. Moreover, if there is eNB that is very close to UE such as eNB having 
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 in above situation, it can cause more interference to the target UE in spite of receiving own PRS sequence from each eNB. As we already have known, this problem is called as near-far problem.
Conclusion 1 : The ‘quasi-orthogonal reuse based design’ with large number of patterns are more proper than ‘orthogonal reuse based design’ with small number of patterns.
▪Although the quasi-orthogonal reuse based design are not perfectly orthogonal between any two patterns, the substantial collision PRS REs in positioning subframe is less than orthogonal reuse based design as shown in Figure 3. 
▪Substantially, in the cross-correlation point of view, quasi-orthogonal reuse based design is better than orthogonal reuse based design since the increase for the number of signals from eNBs with same pattern cause increasing maximum non-trivial correlation value after summation of each correlation value. The increase of maximum non-trivial correlation value has influence on not only hearability but also timing accuracy due to PRS patterns.

▪The quasi-orthogonal reuse based design with large number of patterns are robust over near-far problem.

▪Diversity gain over interference : If the signal from a certain eNB causes large interference, only a limited number of PRS REs will be influenced in the quasi-orthogonal reuse based design, on the other hands, all the PRS REs can be influenced in orthogonal reuse based design as shown in Figure 3.

2) ‘large number of pattenrs’ (Case A/B) vs. ‘large number of PRS REs” (Case C/D) 

The large number of PRS REs in one subframe such as Case C or D has some advantages. The empty subcarriers in a subframe level can cause multiple peaks and bad auto-correlation profile. The pattern in Case C has no empty subcarrier as shown in Figure 2b, therefore the multiple peaks can be removed. Moreover, the large number of PRS REs leads PRS sequence with large sequence length. If pseudo random QPSK sequence such as LTE Rel-8 CRS with order-31 Gold sequence is used, the sequence length in Case C or D is twice than that in Case A or B . Because, the number of PRS REs in case C or D is twice than that in Case A or B. The maximum non-trivial correlation value is given as 
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 is sequence length, 
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 in Case C/D is less than 
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 in Case A/B, the Case C or D has better correlation property about PRS sequence than Case A or B. 
If we assume that the number of neighbouring cells from which UE want to receive and measure PRS signals are less than or equal to reuse factor (=6 in Case C or D), above two advantages by the large number of PRS REs in one subframe such as Case C or D is reasonable. However, assuming that more practical number of neighbour cells (more than 6 cells and up to 2-tire cells), Case A or B with ‘large number of patterns’ can be getting better auto-correlation profile than that of Case C or D. Therefore, abovementioned two advantages, such as no multiple peak and good auto-correlation profile, can be decreased gradually from Case C or D with ‘large number of PRS REs’ corresponding to the increase of the neighbour cells encroaching upon a target UE.

    The auto-correlation function of sequence 
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 is attenuation factor of the channel from eNB 
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 in Case A or B. If the PRS signal contains signals from eNB 
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 and eNB 
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, the auto-correlation function of sequence 
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.  For in case C and D by the same method, if the PRS signal contains signals from eNB 
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 as shown in Figure 3, 
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, the Case A or B can show better auto-correlation profile than Case C or D. Because of 
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, this situation is possible enough. 
Conclusion 2 : The ‘large number of patterns’ such as Case A or B are more proper than ‘large number of PRS REs’ such as Case C or D.
▪Although Case A or B with the large number of patterns shows some worse auto-correlation property for certain situation in which OTDOA measurement module in UE receives and measures PRS signal from neighbour cells whose number is less than or equal to reuse factor (E.g. 6), if we consider more reasonable number of neighbour cells (more than 6 cells), the ‘large number of patterns’ such as Case A or B can show better auto-correlation profile than ‘the large number of PRS REs’ such as Case C or D by above mathematical analysis.
▪The ‘large number of PRS REs’ such as Case C or D has better auto-correlation profile than Case A or Case B about PRS signal for only one eNB.  However, PRS signal in Case C or D can be summation of different signals from each eNB with same pattern as shown in Figure 3, therefore the auto-correlation profile in Case C or D can be worse than Case A or B by accumulation of uncertain cross-correlation peaks from each eNB with same pattern.
3) ‘irregular pattern design’ (Case A/B/C) vs. ‘regular pattern design’ (Case D) 

As already mentioned in [10], the regular pattern such as diagonal PRS pattern shown in Figure 2c has the time uncertainty problem. When the time uncertain delay exceed the length of the CP (144
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1.4km) even if a synchronised network, the pattern of a certain cell can collide to neighbour cell’s pattern for all PRS REs. In this case, the number of PRS signal which could be added  in a certain time/frequency pattern resource location is increased. For example, the number of  PRS signal which could be added in a certain time/frequency pattern resource location is 4 as shown in Figure 3, however the number can be increased more than 4 if time uncertainty is considered.
Conclusion 3 : The ‘irregular pattern design’ such as Case A, B or C is more proper than ‘regular pattern design’ such as Case D in terms of time uncertainty problem.
▪The regular pattern has drawback that is time uncertainty problem. When the time uncertain delay exceed the length of the CP (144
[image: image141.wmf]s
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1.4km) either a synchronised or asynchronised network, the PRS measurement performance is degraded because the pattern of a certain cell can collide to neighbour cell’s pattern for all PRS REs.
(2) Simulation results 

we simulate for all cases in above section. As it is expected by conclusions in above section, Case A shows best performance and Case B is next. Case D has worst performance except CRS only case. From comparison with Case A and Case B, it is found that the ‘quasi-orthogonal reuse based design’ with large number of patterns has better performance than ‘orthogonal reuse based design’ with small number of patterns. 

[image: image142.wmf]0

20

40

60

80

100

120

140

160

180

200

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Case3, ETU 3km/h

 

 

C.D.F of Positoning error

Positioning error [m]

 Case A (Irregular pattern, Reuse(frequency&time) 144,24)

 Case B (Irregular pattern, Reuse(fequency) 12)

 Case C (Irregular pattern, Reuse(fequency) 6)

 Case D (Regular pattern, Reuse(fequency) 6)

 CRS only (Reuse 3, 2Tx)


Figure 4 : Position estimation error CDFs for comparison of different PRS patterns
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Figure 5 : Detected cell site CDFs for comparison of different PRS patterns
Table 3 : Simulation Results for comparison different PRS patterns
	
	Case A 

(T=144/24, Irregular, Quasi-Orthogonal)
	Case B 

(T=12, Irregular, Orthogonal)
	Case C 

(T=6, Irregular, Orthogonal)
	Case D 

(T=6 , Regular, Orthogonal)
	CRS Only

(Reuse 3, 2Tx)

	50m
	89.1%
	87.7%
	83.1%
	81.4%
	65.9%

	150m
	95.8%
	94.8%
	92.9%
	92.7%
	86.4%


In case A, T=144 case and T=24 case have the same performance, because it is assume that the OTDOA measurement module in UE measures PRS signal from cells up to 2nd tier  (total 19 cells including serving cell) and the number of patterns which is more than 19 is enough. If the larger number of neighbour cell sites is considered such as 3rd tire cells, the T=144 case seems to show better performance than case of T=24. 
From comparison with Case B and Case C, it is found that the ‘large number of patterns’ such as Case B shows pretty better performance than ‘large number of PRS REs’ such as Case C.

From comparison with Case C and Case D, it is also found that the ‘irregular pattern design’ makes slightly better performance than ‘regular pattern design’ due to time uncertainty problem even if a synchronised network is assumed. In a asynchronised network or certain situation which cause larger time uncertain delay, the degree for difference of performance between ‘irregular pattern design’ and ‘regular pattern design’  can be increased. 
Case A has very large number of detected cell sites that is more than 10 in most of simulation situation as shown in Figure 5. The large number of detected cell sites causes increasing of hearablility. The timing accuracy depends on the following factors
- Number of cell sites (eNB) that the UE can be detected : Minimum 3 is required. If more cell sites can be detected the accuracy could be improved.

-  Relative location of the cell sites : If the cell sites are located in different directions from the UE (if there are more detected cell sites, the probability that the cell sites are located in different directions from the UE is increased), the accuracy could be improved.

- LOS(Line-of-sight) : If there is a line-of-sight between UE and cell sites (if there are more detected cell sites, the probability that the cell sites is in LOS with UE is increased), the accuracy could be improved.
Therefore Case A with very large number of detected cell sites has good performance due to hearability and timing accuracy. The conclusions in above sections also show that Case A has better hearability and timing accuracy than other cases.
The patterns in [6] by Ericsson and in [2] ZTE is similar with Case A (Pantech T=144 or 24 case) except construction method of pattern, average number of overlapped REs and total number of PRS patterns. Among these patterns from ‘quasi-orthogonal’ reuse and ‘irregular’ based design with large number of patterns, it is already mentioned in [4] that Pantech’s patterns based on truncated sequence from 12ⅹ12 Modular sonar sequence or (perfect periodic) Costas Array has the best performance from some comparative numerical analysis. Moreover, the patterns based on truncated sequence from 12ⅹ12 Modular sonar sequence can be applied with simplified expression based on function of PCI by process in above section.
The pattern in [7] by LG is similar with Case C (Pantech T=6) except construction method of pattern. It seem to be expected that these patterns from ‘orthogonal’ reuse and ‘irregular’ based design with small number of patterns(reuse factor which is 6) and 2 PRS REs per symbol axis with no empty subcarrier in one subframe has similar positioning performance. 
The pattern in [8] by Qualcomm is the pattern in Case D.

The complexity of these patterns seems to be similar. Because, the complexity does not depends on the number of patterns if pseudo random QPSK sequence is used. The complexity does depend on the number of neighbour cell sites from which UE want to measure time of arrival for PRS signal and detection algorithm in OTDOA measurement.
z
Proposal : Adopt the PRS pattern from ‘quasi-orthogonal’ reuse and ‘irregular’ based design with large number of patterns such as pattern based on truncated 12ⅹ12 Modular sonar(Costas array) in above Case A for OTDOA positioning
(3) Time varying or non-varying PRS pattern for time accumulation
It is FFS that whether PRS pattern has time varying between different subframe or does not [1]. The Case A with T=24 in above section is used for these time accumulation of PRS patterns. For time varying between different subframe, the equation (1)  in above section 2-(2) is simply replaced by following equation, 
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In this case, the total number of patterns and frequency/time reuse factor is 24. Valid varieties of cyclic frequency shift from original pattern
[image: image147.wmf]0
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 are 12 and also valid varieties of cyclic time shift from original pattern
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 are 2. The remaining of cyclic time shift is used for time-varying between different subframe. By above equation, the configuration of time varying PRS pattern is possible without any detailed cell planning.
Figure 6 shows the performance of PRS pattern with time varying or non-varying in 1, 2, 4 subframes for time accumulation. It is found that multiple consecutive subframes with time varying PRS pattern has better performance than time non-varying PRS pattern because of diversity gain over interference.
The ‘regular’ based patterns or the patterns with ‘large number of PRS REs’ such as Case C or D can use time varying PRS patterns with planning of Cell ID. From multiple consecutive subframes with time varying PRS pattern and Cell ID planning, it is possible that any two cell sites does not have same pattern during all multiple subframe. However, only Cell ID of cell sites which have collisions with target cell sites for OTDOA measurement is changed, the collisions between cell sites is maintained as show in Figure 7.
Conclusion 4  : The multiple consecutive subframes with time varying PRS pattern has better performance than time non-varying PRS pattern because of diversity gain over interference.
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Figure 6 : Position estimation error CDFs for time accumulations and time non-varying or varying
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Figure 7 : Illustration of real situation for collisions in ‘Regular’ pattern with time varying 
Proposal : Adopt multiple consecutive subframes with time varying PRS pattern in ‘irregular’ based pattern as outlined above

4. Conclusions 

 From some considerable points with simulation results in this contribution, we conclude that 

▪The ‘quasi-orthogonal’ reuse based design with large number of patterns are more proper than ‘orthogonal’ reuse based design with small number of patterns.
▪The ‘large number of patterns’ are more important than ‘large number of PRS REs’.
▪The ‘irregular pattern’ design is more proper than ‘regular pattern’ design.
▪The multiple consecutive subframes with time varying pattern has better performance than time non-varying pattern because of diversity gain over interference.

And we proposed that
▪Adopt the PRS pattern from ‘quasi-orthogonal’ reuse and ‘irregular’ based design with large number of patterns such as pattern based on truncated 12ⅹ12 Modular sonar sequence (Costas array) for OTDOA positioning.
▪Adopt multiple consecutive subframes with time varying PRS pattern in ‘irregular’ based pattern 
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