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1
Introduction
In this contribution, we propose two solutions to increase Physical layer cell Identity (PCI) for E-UTRA.
2
Current specification
There are 504 unique physical-layer cell identities. The physical-layer cell identities are grouped into 168 unique physical-layer cell-identity groups, each group containing three unique identities. The grouping is such that each physical-layer cell identity is part of one and only one physical-layer cell-identity group. A physical-layer cell identity 
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is thus uniquely defined by a number
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in the range of 0 to 167, representing the physical-layer cell-identity group, and a number
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 in the range of 0 to 2, representing the physical-layer identity within the physical-layer cell-identity group.

3
Needs of increasing PCIs
“PCI-confusion” has been discussed in [1] as a problem for handover procedures when multiple neighbouring cells advertising the same PCI lie in the vicinity of the serving cell for a UE. A contemporary contribution to RAN3 [2] discussed the properties of a confusion-free deployment, and the necessity to support deployments where confusion-free is not possible. 

The common situation where PCI confusion is unavoidable is when there exist a large number of small non-macro cells (femto or pico) under the coverage of a single macro cell. In such a situation, multiple non-macro cells may use the same PCI, leading to PCI confusion when a UE hands over from the macro to one of these cells. 
As it has been discussed in the past [3], PCI collision yields to a situation that is currently virtually impossible to detect on synchronous network and on asynchronous networks with certain inter-site timing relationships. Therefore, it is seen as a situation that is not expected to happen from the perspective of the lower layers of LTE.

This contribution proposes two solutions to increase PCI space to reduce the probability of PCI confusion and collision.
4
Possible solutions 
4.1
 Solution 1

For frame structure type 1, the primary synchronization signal (PSS) is mapped to the last OFDM symbol in slots 0 and 10 and the secondary synchronization signal (SSS) is mapped to the left of PSS.
The solution consist of:

· Swapping the location of PSS and SSS
Impact on the specification:

· No impact on RB assignment/rate matching  for PDSCH or PBCH
Impact on the UE receiver

· UE first searches PSS
· UE assumes two different positions of SSS and does blind decoding to determine SSS position

· This is similar to TDD/FDD system identification
· False alarm rate of cell detection/cell search time may increase slightly 
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The same swapping mechanism can be applied to frame structure 2. 
4.2
Solution 2

Currently, three PSS-based scrambling codes (3) have been used to scramble 168 combinations of SSS to achieve 504 cell IDs and each scrambling code is linked to one of PSS index.
The solution we propose here is:

· Define N additional scrambling codes and link each of them to one of three PSS indexes
· N is an integer (we recommend N=3)

Impact on the specification:

· No impact on RB assignment/rate matching  for PDSCH or PBCH
Impact on the UE receiver

· UE first searches PSS
· UE assumes 6 or N+3 different scrambling codes on top of  SSS  and tries to decode SSS

· False alarm rate of cell detection may increase slightly

· Scrambling codes need to be chosen carefully to avoid performance loss

5
Conclusions 

We proposed two solutions to increase physical cell identity for E-UTRA. The proposals need minimum changes to the current specification and double the PCI space. The increased PCI space is expected to decrease the probability of PCI collision (catastrophic from the PHY layer perspective) and PCI confusion. 
We recommend discussing the proposals and consider them viable to inform RAN WG2 in [4].
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