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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. Moreover, from the email discussion on DL OTDOA positioning between RAN1#56bis and RAN1#57, additional options were proposed for PRS patterns and some concepts for PRS sequence generation were discussed. In this contribution, we provide some considerations on PRS sequence generation with some cases. 
2. Considerable points on PRS sequence generation
(1) Characterizing factors of sequence properties
In sequence design, these are important factor that ‘sequence size’, ‘sequence length’ and ‘correlation property’. In common sense, well designed sequence satisfies the properties that large sequence size and good correlation property with the limited sequence length. 
If the number of REs in one OTDOA positioning subframe (having 12 subcarriers) is 
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 and the number of RBs used for OTDOA positioning in frequency is 
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, the PRS ‘sequence length’ (
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) is given as 
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. For a symbol by symbol PRS mapping like LTE Rel-8 CRS, the 
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 is given as 
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 where 
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 is the number of REs per symbol in one subframe. When the sequence of length 
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 can not be generated for certain cases, the sequence will be generated to have as short length as possible where the length 
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.  And the sequence will be truncated to length 
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 sequence to be mapped onto the OTDOA positioning subframe. 

The ‘sequence size’ is in proportion to the sequence length. In general, the sequence size 
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is similar to the sequence length 
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. But the sequence size of some sequences is lager than sequence length. On the OTDOA positioning, the total number of possible sequences is one of the considerable factors for PRS sequence generation. If the total number of cell-specific information such as Cell ID in OTDOA positioning is 
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 and the possible number of distinctive cell-specific information by PRS pattern is 
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, the PRS sequence size 
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. The PRS pattern is used for orthogonality or quasi-orthogonality between neighbor cell as FDM/CDM, and the PRS sequence is used as CDM. If 
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, it can be possible that all cell-specific information is distinguished by only PRS sequence, and the cell-specific PRS pattern can be used for interference mitigation.
In the ‘correlation property’, the ultimate goal is in periodic length 
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 sequence design that Auto-correlation (idle) : 
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 and Cross-correlation (idle) : 
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. It is not possible that the sequence has both above idle auto-correlation property and idle cross-correlation property. In binary sequence, the sequence such as ‘the set of m-sequence’, ‘Gold sequence’, ‘Gold-like sequence’ and ‘Kasami sequence’ have optimal good periodic correlation property. In poly-phase sequence, the ‘CAZAC sequence’ such as ‘Zadoff-chu sequence’ and ‘GCL(modulatable chu sequence) sequence’ have optimal good correlation property. Some of these sequences are used in LTE Rel-8 system.
(2)  In the ‘assistance data’ point of view
As already mentioned in [2], the existence of assistance data has to be considered. In the case of using a pseudo random number generator such as LTE Rel-8 CRS with order-31 Gold sequence, the PCI (Physical Cell ID) is needed for initial value. Therefore, the PRS sequence generation that is similar to the LTE Rel-8 CRS may not be available in absence case of assistance date.
3. Considerable cases on PRS sequence generation

(1) Existence case of ‘assistance data’ 
Case 1 : Pseudo random sequence such as LTE Rel-8 CRS with order-31 Gold sequence 
Advantage 

  - sequence size : 
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  - UE complexity : searching correlation values for only neighbor cells 
(the PCI of the neighbor cells should be informed by assistance data)
Disadvantage 

  - correlation property : the ‘Gold sequence’ has optimal good periodic correlation property but the use of only small fraction in very long length sequence can cause correlation property degradation.
- non-available in the absence case of assistance date
(2) Absence case of ‘assistance data’ 

  a) sequence length 
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 is larger than 
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Case 2 : Sequence with optimal good correlations such as CAZAC sequence  

Advantage 

  - correlation property : optimal good periodic correlations 

     (Idle auto-correlation : 
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, but not orthogonal :
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  - UE complexity : poly-phase sequence - suitable for system based on OFDM having FFT 

Disadvantage 

 - sequence size : 
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, it is not possible that providing 

enough number of cell-specific sequence 
b) sequence length 
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 is smaller than 
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Case 3 : Two short sequences such as LTE Rel-8 SSS(Secondary Sync. Signal)  

Advantage 

 - sequence size : 
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  - UE complexity : Interleaved two short sequence – the sequence length for searching 
correlation values can be reduced. 

Disadvantage 

 - correlation property : The correlation property of shot sequence is degraded with comparison 
with original sequence. Moreover, the ambiguity and collision problem (called as ‘nested problem’) can be arisen between two short sequences. 
Case 4 : Other sequence having large sequence size such as ‘Large set of Kasami sequence’ 

Advantage 

  - sequence Size : 
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- correlation property : optimal good periodic correlations (it is similar to ‘Gold sequence’)
Disadvantage 

 - UE complexity : large sequence size -  the number of  times for searching correlation values can be increased.  

4. Summary
In this contribution, we provide some considerable cases on PRS sequence generation. If we consider characterizing factors of sequence properties, i.e. sequence length, sequence size and correlation property. Then, it seem to be proper that 1) existence case of assistance data : pseudo random sequence such as LTE Rel-8 CRS with order-31 Gold sequence, 2-1) absence case of assistance data – sequence length > the number of needful cell-specific information : sequence with optimal good correlations such as CAZAC sequence, 2-2) absence case of assistance data – sequence length < the number of needful cell-specific information : two short sequence such as LTE Rel-8 SSS or other sequence having large sequence size such as ‘Large set of Kasami sequence’.
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