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1 Introduction
Part of the objective of the WI on further indoor positioning enhancements [1] consists of

For OTDOA enhancements and CID/E-CID enhancements:

a) Sort out the options for OTDOA/E-CID enhancements with the progress achieved in the Release 13 indoor positioning Work Item as the starting point [RAN1]

b) Define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]

  According to the agreement in RAN1#85, the following item is agreed and further investigation is required:
· For OTDOA same PCI, RAN1 decides to:

· Define   
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for PRS sequence/vshift generation per TP

· With     
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The FFS of the 
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values are further discussed in this contribution by analyzing the tradeoff between value ranges of two suggested proposals and the number of bits required for achieving that range. 
2 Background
The current solution in deployment scenarios with transmission points (TPs) associated to a macro cell is to transmit PRS from the macro cell only (and not from the e.g., associated TPs (muted)).  The TP would thus not be used for positioning which would reduce the number of possible UE measurements for positioning. 
The PRS sequence generation needed for splitting existing PCI planning to generate orthogonal PRS sequences for all TPs in the network can be made by modifying the sequence generation using 
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The to-be-defined 
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for PRS sequence/vshift generation per TP should provide the following benefits:

· To provide as many PRS sequences as possible to select from
Considering cases where TPs will be introduced in a network with a wide PRS assignment planning 
· To provide flexibility in splitting the already planned PCI/PRS
The split should be designed in such a way that it still generates orthogonal sequences towards TPs in cells with different PCI. The split of the PCI/PRS is illustrated in Figure 1, where the cell split allows the TP to transmit a signal orthogonal not only to the TPs with the same associated PCI, but to all other TPs. 
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Figure 1: The TP-specific signals should be introduced by using existing PCI planning, and to generate orthogonal sequences for TPs within the associated PCI.
3 PRS sequence generation

The PRS sequence that is transmitted on antenna port 6 is currently created using the pseudo-random sequence generator that is initialized with
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The highest value of 

  occurs when 
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= 503, and 
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 = 151582702. As Pseudo-random sequences are defined by a length-31 Gold sequence [2], the corresponding  
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can be represented using the 28 right-most bits of the Gold sequence.  The number of possible PRS sequences should be set as large as possible in order to minimize the probability of colliding PRS patterns. Based on the existing 28-bit space of 
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, the 3-leftmost bits are not currently used and can be exploited to create more orthogonal PRS sequences. The proposed scheme is to initialize 
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  according to:
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The 3 left-most bits comprising the 
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 field can take values in range of 0…7 and the solution generates 8·504 = 4032 orthogonal PRS sequences. Note that  is dependent on the PCI, and the split is performed via the 
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 field, enabling an eightfold split.
Observation 1: The proposed solution generates 4032 orthogonal PRS sequences by introducing a 3-bit 
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field.
4 Evaluations
The solution for TP-specific PRS should aim at maximizing the number of PRS sequences, while minimizing the reporting overhead. This trade-off is studied here for the two proposed methods in RAN1#85. 
· Method 1: Replace 
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in (1) with 
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 , proposed in [4-6]. 
· Method 2: The initialization according to Section 3 with a 3-bit 
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value, previously proposed in [7].
In Method 1, we assume that 
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is upper bounded by 255 (8 bits), 511 (9 bits), 1023 (10bits), 2047 (11 bits), 4095 (12 bits) or 7132 (13 bits). In order to make sure that 
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 is maximum 31-bit, the highest value of 
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  is 7132.

The overhead of adding the 
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is investigated based on the current size of the LPP OTDOA-NeighbourCellInfoElement [2]. The mandatory fields from the E-SMLC to the UE are:
-physCellId


INTEGER (0...503)        (9-bits)

-expectedRSTD


INTEGER (0...16383)    (14-bits)

-expectedRSTD-Uncertainty
INTEGER (0…1023)     (10-bits)

The existing LPP OTDOA-NeighbourCellInfoElement is thus a minimum of 33 bits. The evaluation of introducing the 
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 is made based on the existing LPP OTDOA-NeighbourCellInfoElement size in order to find the trade-off between increasing the message size and introducing more sequences. In Figure 2, the two methods are compared in terms of increased size of the LPP NeighbourCellInfoElement versus the number of possible PRS sequences. 
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Figure 2: Trade-off between LPP-size increase and number of PRS sequences for the two methods
The figure shows how Method 2 has a better trade-off between increased LPP size and number of PRS sequences. While the 13-bit solution with Method 1 can generate more PRS sequences, 7132 in comparison with 4032 for the method 2, the 40% increased overhead is considered too costly.
 Proposal 1: Define the 
[image: image34.wmf]PRS

ID

N

as a 3-bit field and use PRS sequence initialization according to 
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The v_shift should be dependent on the 
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, the v_shift is proposed to be initialized according to 
v_shift = mod(PCI+
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Proposal 2: v_shift = mod(PCI+
[image: image38.wmf]PRS

ID

N

, 6 ) .
5 Conclusions

The contribution proposes the following:
Observation 1: The proposed solution generates 4032 orthogonal PRS sequences by introducing a 3-bit 
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field
Proposal 1: Define the 
[image: image40.wmf]PRS

ID

N

as a 3-bit field and use PRS sequence initialization according to 
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Proposal 2: v_shift = mod(PCI+
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