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1. Introduction

On the LTE (Rel-9) OTDOA positioning, the use of PRS(Positioning Reference Signal) is on discussion, and the PRS sequence and pattern design is one of the open issue. At the previous RAN1#56-bis Seoul meeting, the way forward on general concepts of LTE OTDOA positioning was agreed [1], and several options were proposed as PRS patterns used for OTDOA positioning [7]~[9]. Moreover, from the email discussion on DL OTDOA positioning between RAN1#56bis and RAN1#57, additional options were proposed for PRS patterns [10]~[14]. 
In this contribution, we provide further and modified examples of proposed PRS patterns based on Modular Sonar sequences in [12] for OTDOA positioning. 
2. PRS patterns based on Modular Sonar sequences

(1) Summary of Modular Sonar sequence’s background and properties in [12]
Modular Sonar sequence was introduced in [2] 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 [2].
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Definition : A 
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 Modular Sonar sequence is a function 
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 with the distinct modular differences property. 
Numerous construction methods for Modular Sonar sequence were investigated. Table 1 is a summary of the known Modular Sonar sequence constructions.
Modular Sonar sequences can be regarded as modified sequences from Costas Array. To be exact, Costas Array is a subset of Sonar sequence and Modular Costas array is a subset of Modular Sonar sequence. (See Figure 1.)

Table 1 : Summary of the Modular Sonar sequence constructions (p is a prime number)

	Constructions
	Length (N)
	Range
	Modulo(M)
	Reference

	Quadratic
	N=p+1
	{1,2,…,p}
	M=p
	[3]

	Exponential Welch
	N=p-1
	{1,2,…,p}
	M=p
	[2],[6]

	Logarithmic Welch
	N=p-1
	{1,2,…,p-1}
	M=p-1
	[6]

	Lempel
	N=pr-2
	{1,2,…,pr -1}
	M=pr -1
	[2],[6]

	Golomb
	N=pr-2
	{1,2,…,pr -1}
	M=pr -1
	[6]

	Extended Exponential Welch
	N=p
	{1,2,…,p}
	M=p
	[5]

	Shift Sequence
	N=pr
	{1,2,…,pr -1}
	M=pr -1
	[4]
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Figure 1 : Illustration for relation of Sonar sequence and Costas Array

The Modular Sonar sequences have minimum ambiguity property, i.e. all cyclic time/frequency shift of the two-dimensional sequence pattern overlap in at most one symbols. To be exact, the Modular Sonar sequence and the Modular (or called as Perfect) Costas Array have minimum ambiguity property because of their distinct modular differences property. However, the non-Modular case of Sonar sequence and (general) Costas Array does not have minimum ambiguity, i.e. all non-cyclic time/frequency shift of the two-dimensional sequence pattern overlap in at most one symbols, but the overlap symbols are increased as at most two in important case of all cyclic time/frequency shift.
The Modular Sonar sequence has a very large number of distinct two-dimensional sequence patterns. By the transformation equation 
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The Modular Sonar sequences are flexible for any applicable case because of various cases of the parameter M and N as seen in Table 1. Because it is not decide that the positioning subframes are based on either MBSFN subframe or normal subframe without PDSCH transmission, and how many and how long PRS is used in time/frequency allocation of a positioning subframes, the property of flexible pattern size is attractive.

(2) Truncated Modular Sonar sequence

The 
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 Modular Sonar sequence can be transformed into 
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 sequence by truncation of last 
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 Modular Sonar sequence having length 
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 sequence. By truncation of original Modular sonar sequence, the minimum ambiguity property can be broken, but almost maintained. Because the distinct modular differences property is almost maintained in spite of truncation. (Note : Only in the truncation case of last 
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 length, it is maintained. But in the truncation case of  last 
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The truncation can apply to 
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 Modular Sonar sequence as two follow cases. First, the truncation is performed after generating 
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 Modular Sonar sequence. In first case, the transformation of original pattern for generation cell-specific distinct PRS patterns is performed after truncation. Second, the transformation of original pattern is performed after generating 
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 Modular Sonar sequence. After that, the truncation is performed.
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 for any subframe structure. For example, in MBSFN subframe, 
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 is best choice with consideration for size of Modular Sonar sequence though there are 12 subcarriers in 1 RB. But it is possible that 
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 sequence by truncation of 
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 Modular Sonar sequence. And 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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sequence has 
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 cell-specific distinct PRS patterns by cyclic time/frequency shift of original pattern, but the 
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 sequence by truncation of 
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If 
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 Modular Sonar sequence, the 
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 sequence is not only Modular Sonar sequence but also Modular (or Perfect periodic) Costas Array such as above 
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 Modular Sonar sequence.
Let the total number of distinctive cell-specific information such as Cell ID is 
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1) Case Truncate-A (
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 Modular Sonar sequence 
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c) Generating truncated 
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 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 

2) Case Truncate-B (
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b) Generating truncated 
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 Modular Sonar sequence 
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  c) Generating 
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 Modular Sonar sequence 
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d) and e) : same as Case Truncate-A
3. Application on Positioning Subframe
(1) MBSFN subfame
1) Based on 11ⅹ10 Modular Sonar sequence : Case M-Pantech-1
As mentioned in [12], the 11(for subcarrier)ⅹ10(for symbol) by ‘Exponential Welch’ method in Table 1 is a considerable example for the MBSFN positioning subframe. As shown in Figure 2a, a 11ⅹ10 Modular Sonar sequence {2,4,8,5,10,9,7,3,6,1} can be used. The 11 available frequency (subcarrier) horizontal axes of total 12 frequency(subcarrier) horizontal axes in a MBSFN positioning subframe can be selected variously. (In Figure 2, the top of the frequency(subcarrier) horizontal axis is selected as non-available frequency(subcarrier) horizontal(row) axis.)
From 11ⅹ10 Modular Sonar sequence, it is expected that 11ⅹ11ⅹ10=1210 distinct patterns has minimum ambiguity property for a MBSFN positioning subframe. If we does not need these very large patterns, only 11ⅹ10=110 distinct patterns can be chosen by only cyclically frequency (subcarrier)/time(symbol) shift. As shown in Figure 2b and 2c, the sequence {1,3,7,4,9,8,6,2,5,11} is cyclically frequency shift as -1 (=11 mod 12) and sequence {1,2,4,8,5,10,9,7,3,6} is cyclically time shift as +1 for sequence {2,4,8,5,10,9,7,3,6,1}
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Figure 2a : {2,4,8,5,10,9,7,3,6,1}                        Figure 2b : {1,3,7,4,9,8,6,2,5,11}
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Figure 2c : {1,2,4,8,5,10,9,7,3,6}

Figure 2 : PRS patterns for MBSFN positioning subframe
2) Based on 12ⅹ12 Modular Sonar sequence : Case M-Pantech-2
As mentioned above section 2-(2), the 12(for subcarrier)ⅹ10(for symbol) sequence can be obtained by truncation of last 2 length in 
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 Modular Sonar sequence having length 12 sequence. A 
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 Modular Sonar sequence {12,1,4,2,9,5,11,3,8,10,7,6} by ‘Logarithmic Welch’ method in Table 1 can be used. By truncation of last 2 length, it is obtained as shown in Figure 3a that a 
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 Modular Sonar sequence {12,1,4,2,9,5,11,3,8,10}. From above sequence, 144(truncate-A case in section 2-(2)) or 120(truncate-B case in section 2-(2)) distinct PRS patterns can be generated by cyclically time/frequency shift of original pattern. The property of minimum ambiguity is broken, i.e. the overlap symbols(REs) are increased as at most two by truncation, but the average number of overlap symbols(REs) can be slightly decreased rather than original Modular Sonar sequence.
As mentioned in section 2-(2), the above 
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 Modular Sonar sequence is not only Modular Sonar sequence but also Modular (or Perfect periodic) Costas Array. 

3) Based on 12ⅹ11 Modular Sonar sequence : Case M-Pantech-3
Similarly, the 12(for subcarrier)ⅹ10(for symbol) sequence can be also obtained by truncation of last 1 length in 
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 Modular Sonar sequence having length 11 sequence. A 
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 Modular Sonar sequence {6,10,5,7,3,1,4,9,8,2,11} by ‘Lempel’ or ‘Golomb’ method in Table 1 can be used. By truncation of last 1 length, it is obtained as shown in Figure 3b that a 
[image: image88.wmf]1210

´

 Modular Sonar sequence {6,10,5,7,3,1,4,9,8,2}. From above sequence, 132(truncate-A case) or 120(truncate-B case) distinct PRS patterns can be generated by cyclically time/frequency shift of original pattern. The overlap symbols(REs) are also increased as at most two by truncation, but the average number of overlap symbols(REs) can be also slightly decreased rather than original Modular Sonar sequence.

4) Comparison by numerical analysis

In this section, it will be provide that numerical analysis about overlap probability between two arbitrary PRS patterns. It seems to be one of the main considerable factors in interference level for system evaluation though it does not reflect all the circumstances.

For the comparison, we considered 5 cases, i.e. 
1) Case M-Pantech-1 : Based on 11ⅹ10 Modular Sonar sequence
2A) Case M-Pantech-2A : Based on 12ⅹ12 Modular Sonar sequence (truncate-A case) 
2B) Case M-Pantech-2B : Based on 12ⅹ12 Modular Sonar sequence (truncate-B case)

3A) Case M-Pantech-3A : Based on 12ⅹ11 Modular Sonar sequence (truncate-A case)

3B) Case M-Pantech-3B : Based on 12ⅹ11 Modular Sonar sequence (truncate-B case)

4) Case M-ZTE : Based on length 10 permutation sequence as shown in Figure 3.2.1 of [15]
5) Case M-Ericsson : Based on 10ⅹ10 Costas Array as shown in Figure 6 of [9]
Table 2 : Numerical analysis in different cases for MBSFN subframe
	
	Prob. of

0 RE overlap
	Prob. of

1 RE overlap
	Prob. of

2 REs overlap
	Prob. of

3 REs ovrelap
	Prob. of  more than 3 REs overlap
	Average number of overlap REs
	Total  # of  PRS REs in one subframe
	Total # of PRS patterns

	M-Pantech-1
	17.43%
	82.57%
	0%
	0%
	0%
	0.8257
	10
	110

	M-Pantech-2A
	35.66%
	51.75%
	12.59%
	0%
	0%
	0.7692
	10
	144

	M-Pantech-2B
	38.66%
	47.06%
	14.28%
	0%
	0%
	0.7563
	10
	120

	M-Pantech-3A
	37.41%
	48.85%
	13.74%
	0%
	0%
	0.7634
	10
	132

	M-Pantech-3B
	40.34%
	43.70%
	15.96%
	0%
	0%
	0.7563
	10
	120

	M-ZTE
	59.67%
	8.41%
	28.57%
	3.36%
	0%
	0.7563
	10
	120

	M-Ericsson
	30.30%
	48.49%
	21.21%
	0%
	0%
	0.9091
	10
	100


(More detail calculative process about numerical analysis is shown in Appendix A)
From above Table 2, it can be shown that
a) The absolute number of the overlap REs : M-Pantech-1 is the best. Instead of M-Pantech-1, M-Pantech-2A has smallest probability of more than 2 REs overlap.
b) The average number of the overlap REs : M-Pantech-2B, M-Pantech-3B and M-ZTE  is the best, and M-Pantech-2A and M-Pantech-3A is good.

  Note : M-Pantech-2B, M-Pantech-3B and M-ZTE have the same value(=0.7563). From the numerical analysis results for all possible cases of 12ⅹ10 sequence, it is obtained that the minimum average number of the overlap REs is also 0.7563 in many cases. It seems to be that 0.7563 is the optimum minimum value about the average number of the overlap REs in 12ⅹ10 2-dimensional structure for OTDOA positioning frame.
c) The number of PRS patterns : M-Pantech-2A is the best. (144 distinctive cell-specific PRS patterns)

→ Consequently, these cases is more considerable for PRS patterns of MBSFN subframe that M-Pantech-1 for the absolute number of the overlap REs & M-Pantech-2A for both the average number of the overlap REs and the number of patterns.
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Figure 3a : From 12×12 Modular Sonar sequence   Figure 3b : From 12×11 Modular Sonar sequence

Figure 3 : PRS patterns for MBSFN positioning subframe - truncate Modular Sonar sequence
(2) Normal subfame with normal CP

As shown in above sections, the truncated Modular Sonar sequence is more considerable for PRS patterns because of having good properties in the sense of the numerical performance analysis, i.e. the largest number of patterns, smaller average number of the overlap REs and smaller probability of more than 2 REs overlap. 
In particular, the truncated Modular Sonar sequence has more advantages in Normal subframe rather than MBSFN sunframe, because the truncated Modular Sonar sequence can be applied having more flexibility in Normal subframe with comparison that the sequence size is restricted in other sequences for PRS patterns of Normal subframe by smaller available time(symbol) axes without containing CRS. The generated 
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sequence by truncation of last 2 or 1 length in 
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 or 
[image: image93.wmf]1211

´

Modular Sonar sequence such as shown above section is applied directly to Normal subframe (with normal CP or extended CP) by more truncation. 
1) Based on 12ⅹ12 Modular Sonar sequence : Case N-Pantech-1
The 12(for subcarrier)ⅹ9(for symbol) sequence can be obtained by truncation of last 3 length in 
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 Modular Sonar sequence having length 12 sequence. A 
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 Modular Sonar sequence {12,1,4,2,9,5,11,3,8,10,7,6} by ‘Logarithmic Welch’ method in Table 1 can be used. By truncation of last 3 length, it is obtained as shown in Figure 4a that a 
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 Modular Sonar sequence {12,1,4,2,9,5,11,3,8}. From above sequence, 144(truncate-A case in section 2-(2)) or 108(truncate-B case in section 2-(2)) distinct PRS patterns can be generated by cyclically time/frequency shift of original pattern. 

As mentioned in section 2-(2), the above 
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 Modular Sonar sequence is not only Modular Sonar sequence but also Modular (or Perfect periodic) Costas Array. 
2) Based on 12ⅹ11 Modular Sonar sequence : Case N-Pantech-2
Similarly, the 12(for subcarrier)ⅹ9(for symbol) sequence can be also obtained by truncation of last 2 length in 
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 Modular Sonar sequence having length 11 sequence. A 
[image: image99.wmf]1211

´

 Modular Sonar sequence {6,10,5,7,3,1,4,9,8,2,11} by ‘Lempel’ or ‘Golomb’ method in Table 1 can be used. By truncation of last 2 length, it is obtained as shown in Figure 4b that a 
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 Modular Sonar sequence {6,10,5,7,3,1,4,9,8}. From above sequence, 132(truncate-A case) or 108(truncate-B case) distinct PRS patterns can be generated by cyclically time/frequency shift of original pattern. 

3) Comparison by numerical analysis

For the comparison, we considered 5 cases, i.e. 

1A) Case N-Pantech-1A : Based on 12ⅹ12 Modular Sonar sequence (truncate-A case) 

1B) Case N-Pantech-1B : Based on 12ⅹ12 Modular Sonar sequence (truncate-B case)

2A) Case N-Pantech-2A : Based on 12ⅹ11 Modular Sonar sequence (truncate-A case)

2B) Case N-Pantech-2B : Based on 12ⅹ11 Modular Sonar sequence (truncate-B case)

3) Case N-ZTE : Based on length 8 permutation sequence as shown in Figure 3.2.2 of [15]
4) Case N-Ericsson-1 : Based on sequence from 9ⅹ9 Costas Array as shown in Figure 2 of [16]
5) Case N-Ericsson-2 : Based on 11ⅹ9 sequence from 9ⅹ9 Costas Array as shown in Figure 3 of [16]
Table 3 : Numerical analysis in different cases for Normal subframe with normal CP
	
	Prob. of

0 RE overlap
	Prob. of

1 RE overlap
	Prob. of

2 REs overlap
	Prob. of

3 REs ovrelap
	Prob. of  more than 3 REs overlap
	Average number of overlap REs
	Total  # of  PRS REs in one subframe
	Total # of PRS patterns

	N-Pantech-1ª
	39.86%
	51.05%
	9.09%
	0%
	0%
	0.6923
	9
	144

	N-Pantech-1B
	45.80%
	41.12%
	13.08%
	0%
	0%
	0.6729
	9
	108

	N-Pantech-2A
	41.98%
	47.33%
	10.69%
	0%
	0%
	0.6871
	9
	132

	N-Pantech-2B
	43.93%
	44.86%
	11.21%
	0%
	0%
	0.6729
	9
	108

	N-ZTE
	56.85%
	29.46%
	11.58%
	2.11%
	0%
	0.5895
	8
	96

	N-Ericsson-1
	40.00%
	32.50%
	25.00%
	2.50%
	0%
	0.9000
	9
	81

	N-Ericsson-2
	42.85%
	40.82%
	16.33%
	0%
	0%
	0.7348
	9
	99


From above Table 3, it can be shown that

a) The absolute number of the overlap REs : N-Pantech-1A has smallest probability of more than 2 REs overlap.

b) The average number of the overlap REs : N-Pantech-1B, N-Pantech-2B and N-ZTE  is the best, and N-Pantech-1A and N-Pantech-2A is good.

  Note : N-Pantech-1B and N-Pantech-2B have the same value(=0.6729), and the value of N-ZTE is 0.5895. From the numerical analysis results for all possible cases of 12ⅹ9 sequence, it is obtained that the minimum average number of the overlap REs is also 0.6729 in many cases. For all possible cases of 12ⅹ8 sequence, it is 0.5895. It seems to be that 0.6729 is the optimum minimum value about the average number of the overlap REs in 12ⅹ9 2-dimensional structure for OTDOA positioning frame. In 12ⅹ8 2-dimensional structure, 0.5895 seems to be the optimum minimum value. The optimal minimum value 0.6729 for 12ⅹ9 can be also obtained by averaging of the optimal minimum value 0.7563 for 12ⅹ10 and the optimal minimum value 0.5895 for 12ⅹ8.

c) The number of PRS patterns : N-Pantech-1A is the best. (144 distinctive cell-specific PRS patterns)

→ Consequently, the N-Pantech-1A is more considerable for PRS patterns of Normal subframe because of the largest number of patterns, smallest probability of more than 2 REs overlap , and smaller average number of the overlap REs. 
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Figure 4a : From 12×12 Modular Sonar sequence      Figure 4b : From 12×11 Modular Sonar sequence

Figure 4 : PRS patterns for Normal positioning subframe with normal CP
3) Normal subfame with extended CP

1) Based on 12ⅹ12 Modular Sonar sequence : Case E-Pantech-1
The 12(for subcarrier)ⅹ7 (for symbol) sequence can be obtained by truncation of last 5 length in 
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´

 Modular Sonar sequence having length 12 sequence. A 
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 Modular Sonar sequence {12,1,4,2,9,5,11,3,8,10,7,6} by ‘Logarithmic Welch’ method in Table 1 can be used. By truncation of last 5 length, it is obtained as shown in Figure 5a that a 
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 Modular Sonar sequence {12,1,4,2,9,5,11}. From above sequence, 144(truncate-A case in section 2-(2)) or 84(truncate-B case in section 2-(2)) distinct PRS patterns can be generated by cyclically time/frequency shift of original pattern. 

As mentioned in section 2-(2), the above 
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 Modular Sonar sequence is not only Modular Sonar sequence but also Modular (or Perfect periodic) Costas Array. 

2) Based on 12ⅹ11 Modular Sonar sequence : Case E-Pantech-2
Similarly, the 12(for subcarrier)ⅹ7(for symbol) sequence can be also obtained by truncation of last 4 length in 
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 Modular Sonar sequence having length 11 sequence. A 
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 Modular Sonar sequence {6,10,5,7,3,1,4,9,8,2,11} by ‘Lempel’ or ‘Golomb’ method in Table 1 can be used. By truncation of last 4 length, it is obtained as shown in Figure 5b that a 
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 Modular Sonar sequence {6,10,5,7,3,1,4}. From above sequence, 132(truncate-A case) or 84(truncate-B case) distinct PRS patterns can be generated by cyclically time/frequency shift of original pattern. 

3) Comparison by numerical analysis

For the comparison, we considered 4 cases, i.e. 

1A) Case E-Pantech-1A : Based on 12ⅹ12 Modular Sonar sequence (truncate-A case) 

1B) Case E-Pantech-1B : Based on 12ⅹ12 Modular Sonar sequence (truncate-B case)

2A) Case E-Pantech-2A : Based on 12ⅹ11 Modular Sonar sequence (truncate-A case)

2B) Case E-Pantech-2B : Based on 12ⅹ11 Modular Sonar sequence (truncate-B case)

3) Case E-ZTE : Based on length 6 permutation sequence as shown in Figure 3.2.3 of [15]

4) Case E-Ericsson : Based on two 6ⅹ6 Costas Array as shown in Figure 2 of [16]

Table 4 : Numerical analysis in different cases for Normal subframe with extended CP
	
	Prob. of

0 RE overlap
	Prob. of

1 RE overlap
	Prob. of

2 REs overlap
	Prob. of

3 REs ovrelap
	Prob. of  more than 3 REs overlap
	Average number of overlap REs
	Total  # of  PRS REs in one subframe
	Total # of PRS patterns

	E-Pantech-1A
	51.05%
	44.06%
	4.89%
	0%
	0%
	0.5384
	7
	144

	E-Pantech-1B
	56.63%
	36.14%
	7.23%
	0%
	0%
	0.5060
	7
	84

	E-Pantech-2A
	50.38%
	45.80%
	3.82%
	0%
	0%
	0.5344
	7
	132

	E-Pantech-2B
	59.04%
	31.32%
	9.64%
	0%
	0%
	0.5060
	7
	84

	E-ZTE
	69.02%
	19.71%
	11.27%
	0%
	0%
	0.4225
	6
	72

	E-Ericsson
	26.83%
	0%
	73.17%
	0%
	0%
	1.4634
	12
	42


From above Table 4, it can be shown that

a) The absolute number of the overlap REs : E-Pantech-2A has smallest probability of more than 2 REs overlap, and E-Pantech-1A has also smaller probability.

 b) The average number of the overlap REs : E-Pantech-1B, E-Pantech-2B and E-ZTE  is the best, and E-Pantech-1A and E-Pantech-2A is good.

  Note : E-Pantech-1B and E-Pantech-2B have the same value(=0.5060), and the value of E-ZTE is 0.4225. From the numerical analysis results for all possible cases of 12ⅹ7 sequence, it is obtained that the minimum average number of the overlap REs is also 0.5060 in many cases. For all possible cases of 12ⅹ6 sequence, it is 0.4225. It seems to be that 0.5060 is the optimum minimum value about the average number of the overlap REs in 12ⅹ7 2-dimensional structure for OTDOA positioning frame. In 12ⅹ6 2-dimensional structure, 0.4225 seems to be the optimum minimum value. The optimal minimum value 0.5060 for 12ⅹ7 can be also obtained by averaging of the optimal minimum value 0.5895 for 12ⅹ8 and the optimal minimum value 0.4225 for 12ⅹ6. From above facts for the optimal minimum value, it can be fined that if the total number of PRS REs in one subframe is 
[image: image110.wmf]N

 and the total number of available subcarrier axes is 
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, i.e. 
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´

 2-dimensional structure for OTDOA position subframe, the minimum average number of the overlap REs can be given as 
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. For example, in case of 
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 such as Ericsson’s case in Table 4, 
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.
c) The number of PRS patterns : E-Pantech-1A is the best. (144 distinctive cell-specific PRS patterns)

→ Consequently, the E-Pantech-1A (or E-Pantech-2A) case is more considerable for PRS patterns of Normal subframe because of the largest (or larger) number of patterns, smaller (or smallest) probability of more than 2 REs overlap , and smaller average number of the overlap REs. 
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Figure 5a : From 12×12 Modular Sonar sequence      Figure 5b : From 12×11 Modular Sonar sequence

Figure 5 : PRS patterns for Normal positioning subframe with extended CP
4. Conclusion
In this contribution, it was proposed that further and modified Modular Sonar sequence, i.e. 
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 sequence by truncation of last 
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 length in 
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 Modular Sonar sequence having length 
[image: image121.wmf]N

 sequence. These sequences have good properties in the sense of the numerical performance analysis, i.e. the largest number of patterns, smaller probability of more than 2 REs overlap and smaller average number of the overlap REs. In particular, it was found that the minimum average number of the overlap REs seem to be given as 
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 in any sequence patterns for 
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 2-dimensional structure where 
[image: image125.wmf]M

 is the total number of available subcarrier axes and 
[image: image126.wmf]N

 is the total number of PRS REs per subframe. In the proposed truncated Modular sonar sequence, the average number of the overlap REs seems to be close or same to optimal minimum value for all possible cases. Moreover, these sequences have a good flexibility, which means it can be applied to any positioning subframe based on either MBSFN subframe or normal subframe (with normal CP or extended CP).

From some comparative numerical performance analysis, it is more considerable 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. In MBSFN positioning subfame, 11ⅹ10 Modular Sonar sequence is also considerable, because it has very large number of distinct PRS patterns (= 110 patterns) with “minimum ambiguity (at most one overlap).
5. References

[1] R1-091648, Ericsson, ALU, Huawei, LGE, Motorola, Nokia, Nokia Siemens Networks, 
Nortel, Qualcomm, Samsung, “Way forward on OTDOA positioning”, RAN1#56bis

[2] S.W.Golomb and H.Taylor, “Two-dimensional synchronization patterns for minimum 
ambiguity,” IEEE trans. Inform. Theory, vol. IT-28, pp. 263-272, July 1982.

[3] R. Galiardi, J, Robbins, and H.Taylor, “Acquisition sequence in PPM communications,” IEEE 
trans. Inform. Theory, vol. IT-33, pp. 738-744, 1987

[4] R. A. Games, “An algebraic constructions of sonar sequences using M-sequences,” SLAM J. 
Algebraic Discrete Methods, vol. 8, pp. 753-761, Oct. 1987.

[5] O. Moreno, R. A. Games, and H. Taylor, “Sonar sequences from Costas arrays and the best 
known sonar sequences with up to 100 symbols,” IEEE trans. Inform. Theory, vol. 39, pp. 
1985-1989, Nov. 1993.

[6] S. W. Golomb, “Algebraic constructions for Costas arrays,” J. Combinatorial Theory, ser. A, 
col. 37, pp. 13-21, 1984.

[7] R1-090053, “Improving the hearability of LTE Positioning Service”, Alcatel-Lucent

[8] R1-091444, “Update on E-IPDL Performance”, Qualcomm
[9] R1-091314, “Reference Signals for Low Interference Subframes in Downlink”, Ericsson

[10] “Proposals for Positioning Reference Signal Patterns”, Motorola, Post RAN1 #56bis email 
discussions [LTE OTDOA pos #3])

[11] ZTE, Post RAN1 #56bis email discussions [LTE OTDOA pos #3])

[12] “PRS patterns based on Modular Sonar sequence”, Pantech&Curiel, Post RAN1 #56bis email 
discussions [LTE OTDOA pos #3])

[13] “Extension to Costas arrays for PRS pattern in normal subframes”, Ericsson, Post RAN1 
#56bis email discussions [LTE OTDOA pos #3])  

[14] “Design on Positioning Reference Signal LG Electronics”, LG Electronics, Post RAN1 #56bis 
email discussions [LTE OTDOA pos #3])

[15] R1-091704, “Positioning PRS design in LTE R9”, ZTE
[16] R1-092007, “Extension to Costas arrays for PRS pattern in normal subframe”, Ericsson

Appendix A : Calculations for Table 2
1. Pantech-1 

1) Probability of 0 RE overlap : 
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2) Probability of 1 RE overlap : 
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2A. Pantech-2A 

1) Probability of 0 RE overlap : 
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2) Probability of 1 RE overlap : 
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3) Probability of 1 REs overlap : 
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2B. Pantech-2B 

1) Probability of 0 RE  overlap : 
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2) Probability of 1 RE  overlap : 
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3) Probability of 2 REs overlap : 
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3A. Pantech-3A 

1) Probability of 0 RE overlap : 
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2) Probability of 1 RE overlap : 
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3) Probability of 1 REs overlap : 
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3B. Pantech-3B 

1) Probability of 0 RE  overlap : 
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2) Probability of 1 RE  overlap : 
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3) Probability of 2 REs overlap : 
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4. ZTE 

  - Probability that any two different PRS patterns are in same part 
=
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  - Probability that any two different PRS patterns are not in same part 
=
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1) Probability of 0 RE  overlap : 
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2) Probability of 1 RE  overlap : 
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3) Probability of 2 REs overlap : 
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4) Probability of 3 REs overlap : 
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5. Ericsson 

1) Probability of 0 RE  overlap : 
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2) Probability of 1 RE  overlap : 
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3) Probability of 2 REs overlap : 
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