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1
Introduction
In this contribution, we propose a method to increase the Physical layer Cell Identity (PCI) set for E-UTRA to support CSG cell detection in a very early stage of cell acquisition procedure.
2
Current specification
Currently there are 504 unique physical layer cell identities where the physical layer cell identities are grouped into 168 physical layer cell identity groups which contain three unique identities each. 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
Motivation
As addressed in the incoming LS from RAN WG2 in R1-082283 the HeNB (CSG cell) inbound mobility procedures are discussed. There is a common understanding, that a method is desired to distinguish between macro cell of an eNB and a CSG cell of, e.g., a HeNB already during the cell acquisition phase. Up to now the specification does not provide such a method. In order to get the information whether a cell is a CSG cell or not the current working assumption is that a flag in the system information must be read by UE. This however, requires a BCH demodulation what is not always desired.
This contribution proposes a solution to provide additional PCIs, e.g. to be assigned to CSG cells of HeNBs, while not reducing available PCIs for macro cells of eNBs in order to recognize CSG cells already during an very early stage of  the cell acquisition procedure. The proposed solution would allow that UEs could be configured to ignore CSG cells at all during first step of cell acquisition process, i.e. in this case UE does not need to search for CSG-related PCIs (which would lead to increased standby time in idle mode).
4
Proposed solutions 
Currently there are 3 PSS defined. Providing one additional PSS, e.g. PSS#3, which is exclusively assigned to CSG cells, e.g. HeNBs, would provide a very efficient and simple method to distinguish between macro cells of eNBs on the one hand (PSS#0 … PSS#2) and CSG cells of, e.g.HeNB, on the other hand (PSS#3) at a very early stage of the cell acquisition procedure, see Figure 1. The SSS is not touched at all; nor additional SSSs need to be introduced. 

However, PSS#3 should be chosen carefully in order to minimize complexity impact on the UE cell search procedure. Thus, we propose to use a Zadoff-Chu sequence for PSS#3 according to 
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(1)
with the root sequence index u = 38, which provides excellent properties for a low-complexity implementation of the additional PSS#3 detector (see also some considerations later on in this chapter). Further, this approach would provide a sufficient number of additional PCIs (168) for CGS cells while not reducing existing PCIs for macro cells of eNBs.
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Figure 1: Method to provide additional PCIs for CSG cells
If necessary the set of additional PCIs could be easily extended by adding another set of N PSSs, e.g. PSS#4 …. PSS#(N+3). Moreover, the same mechanism can be applied to frame structure 2 as well. In the following we provide a brief impact analysis regarding our proposed solution:
Impact on the specification:

· No impact on RB assignment/rate matching and other functionalities.
· Minor impact on Sync Symbol definition (additional PSS sequence with root sequence index u = 38 need to be defined in 36.211)
Impact on the UE receiver:
· UE searches for an additional PSS, e.g. PSS#3 as proposed above (only if CSG cell of HeNB should be detected)
· False alarm rate of cell detection may increase slightly 
· Probably slightly higher power consumption if CGS cells are searched

Impact on Complexity:

· Additional sequence detector is needed. Since PSS is not a binary sequence one could expect considerable complexity increase for primary cell acquisition procedure. However, exploiting certain properties of the root index 38 based Zadoff-Chu sequence would reduce complexity impact significantly. That is, the sequence based on u=38 is just the complex conjugate of the sequence based on u=25 giving us a second conjugate complex sequence pair u = {25; 38} beside the already specified conjugate complex sequence pair u = {29; 34}. In Figure 2 the time domain properties of the u = {25, 38} frequency domain ZC sequence pair is illustrated.
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Figure 2: Time domain properties of the u = {25, 38} frequency domain ZC sequence pair of length 62

Additional Budget: 
· 2 x 62 = 124 additional sign-swaps

· 4 x 62 = 248 additional adds
However, the additional budget might be already available due to the need to process the conjugate complex sequence pair u = {29; 34}
Impact on Implementation:
· We see only a very minor impact on UE implementation since the conjugate correlator for sequence pair u = {29; 34} can be reused. Implementation in eNB would not be affected at all.
5
Conclusions 

We propose a simple and very efficient method to increase the number of physical layer cell identities for E-UTRA. There would be only a minor impact on the current specification and also only a minor impact on UE complexity. The proposal provides a sufficient number of 168 additional PCIs while not reducing the existing number of available PCIs for macro cells. Moreover, this approach would support an “early-stage” detection of CSG cells which might also contribute to, e.g., power saving strategies.
We would suggest to discussing this proposal under consideration of the response to the incoming LS from RAN WG2 in R1-082283.
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