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1 Introduction
In RAN1#85, the following was agreed:
	Agreement:

· For OTDOA same PCI, RAN1 decides to:

· Define   
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        for PRS sequence/vshift generation per TP

· With     
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      values ranging FFS

· Send LS to RAN2 and RAN3 for signaling design (including agreements from last meeting) – Xue Jiantao (HW)

· Draft LS is in R1-165835, approved in R1-165853 with the following update:

· CC RAN4




In this contribution, we discuss increasing the range of 
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(virtual cell ID) and show the simulation results.
2 Extension of PRS Sequence Range
The current PRS sequence is generated by the inputs of physical cell ID (0~503), slot number, symbol index and CP type. The sequence initialization is given:
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where 
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 is slot number (0~19), 
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 is symbol index (0~6 for normal CP, 0~5 for extended CP),  
[image: image8.wmf]cell

ID

N

 is physical cell ID and 
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 is CP indication. 
Currently up to LSB (Least Significant Bit) 28 bits are used for sequence initialization. Therefore, additional 3bits are available to increase the range of the number of PRS sequences. Therefore, the number of virtual cell IDs can be increased to 4032 (=504*8) – i.e. 
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One way would be to modify the current equation for PRS sequence initialization by replacing 
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 to 
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. It is given:
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      (eq.1)
As another option, in [1], one of the proposal for PRS sequence initialization is given:
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     (eq. 2)
where 
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represents TP ID with range of 0~7 (i.e. 3 bits).
This proposal has a nested property embracing the existing PRS sequence generation based on PCID. It may have a benefit in cell ID planning accordingly. Under the given legacy PRS sequence planning based on PCID, the additional 3bit TP ID can make the different sequences than any of legacy sequences. However, as we cannot control
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, the degree of freedom to generate the different PRS sequences by 
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 is reduced accordingly. For instance, in the same PCID scenario, when some of TPs (having the same PCIDs) need to be changed to virtual cell ID, only additional 8 sequences can be generated in the given area. Therefore, if the number of TPs having the same PCID is more than 8, the cell planning needs to be redone entirely. 
Therefore, the modified equation to accommodate 
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 ranging from 0 to 4031 is given as follows:
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 (eq. 3)
where
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The network can easily compare the virtual cell ID 
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 with existing PCID 
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 so that a new sequence can be generated by 
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 and 
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<Simulation results>

The simulation parameters are shown in Table 1.

Table 1 Simulation parameters

	Parameter
	Description

	Deployment
	Scenario 1C, 19 sites with 3 sector BS per site and 

10 Pico BS per cell sector

	Simulated bandwidth
	10 MHz

	PRS transmission parameters
	Single shot PRS processing w/o muting

	PRS sequence configuration
	Cell ID based only (504 sequences)
N_ID^{PRS} based (4032 sequences)

	SINR measurement type
	Ideal (based on individual channels)

PRS based (based on composite channel)

SINR threshold -13dB (to consider station for RSTD)

	Time delay measurement type
	First Arrival Path detection algorithm

	Location algorithm
	Location is based on set of BS with unique PRS sequences

	PCID/VCID allocation
	Random & Planned for PCID (504)

Random for VCID (4032)

	Sequence initialization
	504 sequences (eq. 1)
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4032 sequences (eq. 3) 
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where
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Figure 1 and Figure 2 show the number of reference nodes used for positioning fix and positioning accuracy, respectively. For 504 sequences (i.e. PCID), both random and planned PCID allocations are evaluated. For 4032 sequences (i.e. VCID), random VCID allocation is evaluated. It is shown that the range increase from 504 to 4032 PRS sequences can significantly improve the positioning accuracy even with random VCID allocation. 
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Figure 1 Number of reference nodes (detectable cell)
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Figure 2 Positioning accuracy
3 Conclusions
This contribution studied the increase of range for PRS sequence generation from 504 to 4032. Based on the discussion and simulation results, our proposal is follows:
Proposal:

· The range of 
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, configured by higher layer, is from 0 to 4031.

· The initialization for PRS sequence based on 
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is given:

· 
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· 
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· Send an LS to RAN2 and RAN4 for their specification works
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