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1 Introduction

RAN1 #57 meeting agrees on following way-forward for positioning reference signal (PRS) design:

WF-1: Define PRS as in normal subframe; MBSFN subframes have the same PRS pattern as normal subframes. 
WF-2: PRS transmitted from 1 antenna port; at least one PRS RE per OFDM symbol that is not occupied by CRS in a PRB for normal subframes if only frequency reuse is supported. 
WF-3: Same pattern used in all PRBs used for positioning in frequency dimension in one subframe.

Given the above guidelines, we show in this contribution our study on the pattern-based PRS, which was proposed in [2]

 REF _Ref232995806 \r \h 
[3]

 REF _Ref232995808 \r \h 
[4] with different generation algorithms and categorized in [5] along with the sequence-based PRS. We use the computer search method in our study and consider following design targets: 

· Statistics property of PRS RE collisions between any two PRS patterns;

· The total size of PRS pattern space.

In the asynchronous network, due to randomness of timing offset between neighboring cells, certain PRS symbol in cell-A can align with PDCCH region in cell-B, which causes hearability issue to UE in cell-B coverage. This issue cannot be solved by the low-interference positioning subframe configuration (such as MBSFN subframe) in cell-B. Because the PRS design guideline for asynchronous network is not clearly concluded yet in RAN1, this contribution only focuses on the PRS design in synchronous network. 

2 Pattern-based PRS design 

Assume PDCCH region spans over 2 symbols. Because PRS cannot be carried on CRS symbols,  

1) If positioning assistant data does not contain the number of CRS ports in the eNB sending PRS, the PRS pattern can have grid size of 12-by-8 for normal-CP and 12-by-6 for extended-CP. 

2) If positioning assistant data contains the number of CRS ports in the eNB sending PRS, the PRS pattern can have grid size of 12-by-9 for normal-CP and 12-by-7 for extended-CP.

In the synchronous network, the PRS symbols across all the cells are time aligned; in other words, the collision statistics property of the PRS patterns over grid 12-by-N (N=6,7,8,9) remains the same after such pattern fits into the subframe with CRS symbols and PDCCH symbols. This contribution studies three PRS mappings shown in Figure 1. 

· Dedicated mapping: as shown in Figure 1 (a), PRS pattern functions f(n) (
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) are respectively designed for 12xN grids, where N=6,7,8,9. The different PRS patterns are derived from the time/frequency cyclic shifting over 12xN grid.  

· Mask mapping: as shown in Figure 1 (b), PRS pattern function f(n) (
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-th symbol in subframe, where 
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 equals to 0 for extended-CP subframe and 2 for normal-CP subframe, if 
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-th symbol does not carry PDCCH or CRS. The different PRS patterns are derived from the time/frequency cyclic shifting over 12x12 grid.

· Truncated mapping: as proposed in [3] and shown in Figure 1 (c), PRS pattern function f(n) (
[image: image6.wmf]0

0

N

n

<

£

,
[image: image7.wmf]N

N

³

0

) has its first N values applied to N PRS symbols in subframe. The different PRS patterns are derived from the time/frequency cyclic shifting over 12x
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 grid. Truncated mapping can be seen as the generalized form of dedicated mapping. It is studied in this contribution with 
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(a) Dedicated mapping



(b) Mask mapping



(c) Truncated mapping

Figure 1 PRS pattern mapping (normal-CP subframe)

Denote the PRS pattern space as 
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 and its space size as
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. In order to increase 
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 to the level of PCI space size (504) so that the burden on cell planning and design of good PRS sequence can be alleviated, the study in this contribution allows the time/frequency cyclic shifting on more than one base pattern. In mathematics notation, the PRS pattern functions on 
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 are denoted by
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, which are obtained by cyclically shifting the base pattern function
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 in both time and frequency domains. There could be multiple unique 
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 (distinguished by subscription l) in
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 in 
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 cannot be equivalent under time/frequency cyclic shifting operation. To make the description clearer, we use 
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  to denote the set of all patterns obtained by cyclic shifting 
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 the leading pattern of
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. Further, in order to reduce the RE collision due to time and frequency shifting, 
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 and its shifted versions
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 are assumed to have at most one PRS RE per subcarrier and exactly one PRS RE per symbol.

2.1 Dedicated mapping

For the dedicated mapping over 12xN grid, there could be 
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 unique pattern functions. The brute-force computer search is done to find those that can construct
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 with low collision probability and large space size.
1) PRS pattern in 12-by-6 grid

a) The computer search finds some unique
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 that give maximal one collision between any two of 72 shifted patterns inside pattern set 
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. For any of these 
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, the collision weights between any two patterns inside 
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 are w[0]=0.578 and w[1]=0.423, which means the average number of collisions is 0.4225.
b) There exist combinations of seven 
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 (or equivalently
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) such that each combination gives totally 7*72=504 PRS patterns with at most two PRS RE collisions between any two patterns. The average number of collisions is 0.489. One example of such construction is given by
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The collision weight distribution for this particular 504-pattern construction is given in Table 1.

2) PRS pattern in 12-by-7 grid

a) The computer search finds some unique
[image: image41.wmf](

)

n

f

l

0

,

 that give maximal one collision between any two of 84 shifted patterns inside
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. For any of these
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, the average number of collisions between any two patterns inside 
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 is 0.506. The collision weights are w[0]= 0.494 and w[1]=0.506.
b) There exist combinations of as many as four 
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 giving totally 4*84=336 PRS patterns, if the maximum number of collisions can be two. The weight distribution for such construction is given in Table 1. The average number of collision is 0.5642.
c) If the maximum number of collisions between any two patterns is allowed to be three, the combinations of six 
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 are found to provide 6*84=504 PRS patterns. The average collision under such construction is 0.5706. One construction example is given by the leading PRS patterns shown below: 
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The collision weight distribution for this particular construction is given in Table 1. It can be seen that the chance of three-RE collision is quite low. 
3) PRS pattern in 12-by-8 grid

a) The computer search does not find any 
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 which can give maximal one collision between any two patterns inside 
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;
b) The computer search finds more than ten thousands
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, each of which gives maximal two collisions between any two patterns as well as the average collision of 0.5895 inside
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. The typical collision weight distribution is given in Table 1.
c) If the maximum number of collisions between any two patterns is allowed to be three, the combinations of six 
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 are found to provide 6*96=576 PRS patterns with the average number of collisions equal to 0.654. One construction example is given by the leading PRS patterns shown below:



[image: image58.wmf](

)

n

f

0

,

0

:  {0, 6, 4, 3, 1, 7, 2, 5}; 
[image: image59.wmf](

)

n

f

0

,

1

:  {0, 4, 6, 7, 2, 5, 1, 3}




[image: image60.wmf](

)

n

f

0

,

2

:  {0, 5, 7, 2, 6, 1, 4, 3}; 
[image: image61.wmf](

)

n

f

0

,

3

:  {0, 1, 2, 6, 5, 4, 7, 3}




[image: image62.wmf](

)

n

f

0

,

4

:  {0, 5, 1, 4, 2, 6, 7, 3}; 
[image: image63.wmf](

)

n

f

0

,

5

:  {0, 7, 3, 1, 2, 5, 6, 4}

The collision weight distribution for this particular construction is given in Table 1. Again, the chance of three-RE collision is quite low. 

4) PRS pattern in 12-by-9 grid

a) The computer search does not find any 
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 which can give maximal one collision between any two patterns inside 
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;
b) The computer search finds more than ten thousands 
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, each of which gives maximal two collisions between any two patterns as well as the average collision of 0.6729 inside
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. The typical collision weight distribution is given in Table 1.
c) If the maximum number of collisions between any two patterns is allowed to be three, the combinations of five 
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 are found to provide 5*108=540 PRS patterns with the average number of collisions equal to 0.7347. One construction example is given by the leading PRS patterns as below:
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The collision weight distribution for this particular construction is given in Table 1. Again, the chance of three-RE collision is quite low.
	Maximal # of collision
	
	12x6
	12x7
	12x8
	12x9

	1
	Pattern space size
	72
	84
	N/A
	N/A

	
	Average collision
	0.4225
	0.506
	
	

	
	Collision weights
	w[0]=0.5775, w[1]=0.4225
	w[0]= 0.494, w[1]=0.506
	
	

	2
	Pattern space size
	504
	336
	96
	108

	
	Average collision
	0.489
	0.5642
	0.5895
	0.6729

	
	Collision weights
	w[0]= 0.602,  w[1]=0.306, w[2]=0.091
	w[0]=0.5582, w[1]=0.3194, w[2]=0.1224
	w[0]=0.526, w[1]=0.358, w[2]=0.116
	w[0]=0.514, w[1]=0.299, w[2]=0.187

	3
	Pattern space size
	Not needed
	504
	576
	540

	
	Average collision
	
	0.5706
	0.654
	0.7347

	
	Collision weights
	
	w[0]=0.55,  w[1]=0.341, w[2]=0.097, w[3]=0.012
	w[0]=0.523,  w[1]=0.319, w[2]=0.139, w[3]=0.019
	w[0]=0.469,  w[1]=0.353, w[2]=0.152, w[3]=0.026


Table 1 Summary of PRS pattern search for dedicated mapping

It can be seen from the summarization in Table 1 that, by using the dedicated mapping scheme in the synchronous network, 

1) If PRS collision minimization is more desirable than PRS pattern space size maximization, at most one collision for extended-CP and at most two collisions for normal-CP are feasible for the pattern space size equal to 12*N (N=6,7,8,9). 

2) If PRS pattern space size maximization is more desirable than PRS collision minimization, the PRS pattern space size of no smaller than PCI space size is achievable by increasing the maximal number of collisions to 2(N=6) or 3 (N=7,8,9). In fact, the probabilities of three PRS RE collisions are generally very low (<3%).

2.2 Mask mapping and truncated mapping

Different from dedicate mapping scheme where pattern functions cyclically shift over different grids for different N, both mask mapping and truncated mapping assume common cyclic shifting grid, which is 12x12 in our study. In addition, due to extremely high computation complexity in searching among 12! pattern candidates, the overall searching space only contains all known 12x12 Costas Array sequences. 

Denote 
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 as the average collision between any two patterns in 
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 giving at most one collision, which means
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, for both mask mapping and truncated mapping. For larger number of collisions, the results are given in Table 2, which shows truncated mapping and mask mapping share the most of collision properties (the collision weight distributions w=[w[0], w[1], …] in Table 2 are based on truncated mapping and also very similar to that of mask mapping).  

	PRS pattern size
	Truncated mapping
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Table 2 Summary of PRS pattern search for truncated mapping and mask mapping
It is found from Table 2 that, by increasing the number of leading patterns from 1 to 4, the total pattern space size arises from 144 to 576 with the maximum number of collisions increase from 2 to 3 or 4, but the weights of w[3]+w[4] is always less than 3%. 

It is also found by comparing Table 1 and Table 2 that, when achieving the total pattern space size of at least 504, 

· the average number of collisions in three mapping schemes are very similar;

· even though the maximal number of collisions with mask mapping and truncated mapping are larger than with dedicated mapping for 12x6 and 12x9 pattern sizes, the corresponding probabilities are very small: w[3]=0.006 for 12x6 and w[4]=0.0006 for 12x9.  

Even though the results in Table 2 are obtained by independent computer search for each N, some common constructions of four
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 are found to match the results in Table 2 for all N=6,7,8,9, which means UE only needs to store 
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 bits or 24 bytes for all of N. One such construction is given below for truncated mapping scheme. 
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3 Conclusions

This contribution studies the PRS pattern design for the 2-D pattern sizes of 12xN (N=6,7,8,9), and compares the three pattern mapping schemes. The conclusions are:

· The dedicated mapping scheme is better than the other two schemes in term of collision property; however, truncated mapping scheme seems to gain better balance among the collision property, pattern space size and implementation complexity. It is more reasonable to make the final choice also based on other factors, including the PRS pattern design guidelines in asynchronous network. 

· It only needs to pay very small penalties – less than 3% probability for more than two collisions – to include multiple leading patterns so that the total pattern space size is no smaller than the total PCI space size. 
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