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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[2] 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#84bis the following item requires more investigation:
· Address the FFS on “how to generate PRS sequence /v_shift with the virtual cell ID per TP”

2 Background
In RAN1#84bis, it was agreed that it is FFS of how to generate the PRS sequences/v_shift to allow TP-specific PRS sequences. Two general solutions to this problem are prosed, one muting-based solution and one virtual PCI solution. This contribution focuses on the virtual PCI solution since the muting-based solution is considered too costly in terms of resource allocations.
When the UE reported RSTD measurements cannot be uniquely associated with a particular TP/cell, then the location server does not know the actual location coordinates of the corresponding TP/cell for the PRS measured by the UE. This problem is known as PCI ambiguity issue, and can cause a large error in the reported RSTD and thus the positioning accuracy can degrade significantly. There are two main situations where this issue becomes problematic:

(1) While several TPs send the same PRS sequence as their associated macro cell. 
(2) The number of physical cell IDs is limited and hence in dense cellular networks, in case where a proper muting procedure is activated, then there is a possibility that the UE hears cells with the same PCI. As two cells with the same PCI will generate the same PRS sequence, this would be another scenario for PCI ambiguity issue.
The TP-specific PRS sequence should also provide a solution for the second cause of PCI ambiguity. The contributions in [2] and [3] do not cover the second scenario defined above, and moreover do not provide sufficiently many orthogonal TP-specific PRS sequences in the first scenario.

Proposal 1: Solve the PCI ambiguity issue in dense deployment when addressing the TP-specific PRS sequence generation
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 proposed solution comprises a new initialization of 
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to reduce the PCI ambiguity problem by generating orthogonal PRS sequences for cells with same PCI. The solution introduces a 3-bit Additional Sequence Identifier (ASID) element.
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, the 3-leftmost bits can be used to create more orthogonal PRS sequences. The proposed scheme is to initialize 
[image: image13.wmf]init

c

  according to:
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The 3 left-most bits comprising the 
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 can represent the TP-identity, or a random value to reduce the PCI ambiguity problem. The proposed [image: image16.wmf]ASID
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 field can take values in range of 0…7 and the solution generates 8·504 = 4032 orthogonal PRS sequences. The
 is illustrated in Figure 1.
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The solution extends the LPP protocol by introducing a 3-bit Additional Sequence Identifier (ASID) element which could be used to distinguish TPs in a non-collocated TP deployment scenario. The solution provides support for TP-specific PRS, while also mitigates PCI ambiguity by enabling possibility for orthogonal PRS sequences for cells with same PCI. Furthermore, it also adds the possibility to report RSTD measurements for cells with same PCI.

Proposal 2: Use 
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 to generate TP-specific PRS sequences generation and enabling possibility to mitigate PCI ambiguity issue in dense deployment

Another advantage is that due to having more number of PRS sequences, in case of addition of new cells (e.g. small cells) in the network, the PRS sequence planning for the new cell becomes practically simpler as there are more options available. 
The frequency shift is currently based on the PCI mod 6, by introducing the 

 element for TP-specific PRS, it can be beneficial for TPs in same cell to use different frequency shift for reducing the interference. The frequency shift should depend on the cause of the PCI ambiguity issue and thus be optionally based on the 

mod 6 or using the existing PCI mod 6 solution. This optionality can be set in the LPP by extending the protocol with an indication comprising whether v_shift is based on the 

or PCI.

The LPP is extended to include the 

and the option for frequency shift according to below. 
-- ASN1START

OTDOA-ReferenceCellInfo ::= SEQUENCE {


physCellId




INTEGER (0..503),


cellGlobalId



ECGI





OPTIONAL,

-- Need ON


earfcnRef




ARFCN-ValueEUTRA


OPTIONAL,

-- Cond NotSameAsServ0


antennaPortConfig


ENUMERATED {ports1-or-2, ports4, ... }
















OPTIONAL,

-- Cond NotSameAsServ1


cpLength




ENUMERATED { normal, extended, ... },


prsInfo





PRS-Info




OPTIONAL,

-- Cond PRS


...,


[[ earfcnRef-v9a0


ARFCN-ValueEUTRA-v9a0

OPTIONAL

-- Cond NotSameAsServ2


]],


[[ N_ASID




INTEGER (0…7)



OPTIONAL

-- 


   v_shift




ENUMERATED {N_ASID,PCI}
    OPTIONAL


]]
}

-- ASN1STOP

Proposal 3: Extend LPP to include N_ASID and option to use v_shift based on PCI or ASID
4 Conclusions

The contribution proposes the following:
Proposal 1 Solve the PCI ambiguity issue in dense deployment when addressing the TP-specific PRS sequence generation 
Proposal 2 Use 
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to generate TP-specific PRS sequences generation and enabling possibility to mitigate PCI ambiguity issue in dense deployment 
Proposal 3 Extend LPP to include N_ASID and option to use v_shift based on PCI or ASID
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