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1 Introduction

At RAN1#68, the following was agreed regarding the synchronization signals: 
· No new detection/acquisition signals will be designed for the NCT (except possibly new time/frequency configurations of existing signals)

· For non-synchronized new carriers:

· Working assumption: Rel-8 PSS/SSS sequences are transmitted

· Time-frequency location of PSS/SSS is FFS; baseline is as per Rel-8. For proposals for other time-frequency locations, benefits relative to baseline should be shown

· Study further whether there is a benefit in preventing a Rel-8 UE acquiring the PSS/SSS of a carrier of the new type, and if so, how this might be done
In this contribution, we discuss the remaining issues of PSS/SSS for the non-synchronized carrier case. The synchronized carrier case is treated in [1].
2 Carrier accessibility and PSS/SSS acquisition
Already in Rel-10, RAN1 concluded that any discussion on issues related to the accessibility of component carriers should take place in RAN2. Subsequently, upon such a request, a reply from RAN2 stated that [2]:

RAN2 sees no strong need to introduce a new concept of non-accessible carriers in LTE-A from SI-overhead or camping point of view. A non-accessible carrier in the sense to prohibit Idle mode camping is already possible with Rel-8 LTE mechanisms. Specifically, cells can be barred to prohibit Idle mode camping, eliminating the need to deliver Paging messages and SIBs other than SIB1 and SIB2 in such cells. Also, RAN2 considers further overhead reduction of SCH/MIB/SIB1/SIB2 in such cells to be marginal.

The same conclusion would still hold for Rel-11. Hence, there is no need to prevent Rel-8/9/10 UEs from acquiring the PSS/SSS of a carrier of the new type. 
Cell selection (initial cell search) occurs when the UE powers on, which is a rare event in comparison to cell reselection (neighbor cell search) which occurs frequently. The cell search performance requirements are only defined for the RRC_CONNECTED state. Hence, the need for further optimizations is limited for cell selection and to reduce the time for cell selection, UEs may rely upon stored knowledge. Existing Rel-8 signaling can prohibit idle mode camping on a Rel-11 carrier (cf. Sec. 5.2.4.1 in [3] and Sec. 5.2.2.5 in [4]).  These signaling means include: 
· Cell reselection priorities
· White lists
· Black lists

· Cell barring information
The eNodeB may utilize one or several of these to give the legacy UE a priori information about cells on which the PSS/SSS may not need to be searched for. For example, it is specified that [3]:

The UE shall only perform cell reselection evaluation for E-UTRAN frequencies and inter-RAT frequencies that are given in system information and for which the UE has a priority provided. The UE shall not consider any black listed cells as candidate for cell reselection.

A barred cell implies that the UE is not allowed to camp on it. The information whether a cell is barred is contained in SIB1. If the UE is not able to receive MIB or SIB1, it shall treat this as essential system information missing and consider the cell as barred [4]. Hence, barring will occur even if the new carrier is by design made such that legacy UEs cannot receive the MIB and SIB1. This would also apply to the corner case of initial cell search.
Thus, as concluded by the RAN2 response, a new carrier type can essentially be treated as a barred cell from a legacy UE perspective and it is not necessary to introduce other supplementary mechanisms for handling carrier accessibility and preventing Rel-8/9/10 UEs from acquiring the PSS/SSS on a new carrier type.
→ The existing RRC signaling mechanisms are sufficient for handling carrier accessibility.
3 Synchronization signal configurations
3.1 Time-frequency locations of the PSS/SSS
Since carrier accessibility is not an issue, the only reason for considering other time-frequency locations of the PSS/SSS would be to enhance the inter-cell interference coordination ability. However, the agreed carrier aggregation deployment scenarios [5] apply and no other dedicated deployment cases have been included for a new carrier type. Therefore, since no PSS/SSS enhancements were seen as needed for carrier aggregation in Rel-10, the performance for carrier aggregation in Rel-11 is sufficient when reusing the existing PSS/SSS. Even for single carrier operation, it was recently concluded that no PSS/SSS enhancements are needed for cell search with up to 9 dB CRE bias, i.e., the existing time-frequency locations are kept and the Rel-10 signaling can be used to assist cell search [6]. There was no agreement to consider larger than 9 dB CRE bias values [7]. In comparison, the need for interference coordination of the PSS/SSS would even be less for carrier aggregation than single carrier operation, since a new carrier type is limited to be an SCell, for which dedicated RRC signaling provides the cell ID and the carrier frequency upon its configuration. Hence, there is no need to change the time-frequency locations of the PSS/SSS for an additional carrier type.
→ The Rel-8/9/10 time-frequency locations of the PSS/SSS should be kept.
Thereto, new positions may require additional matched filters in the UE since it anyway must be able to access legacy carriers. According to the investigations for low-cost MTC UEs, the cost/complexity of the cell searcher is already 10-15% [8], which is significant. In particular, the PSS was judiciously designed to provide good performance as well as allowing low implementation complexity of the matched filter. For example, it allows the number of complex multiplications to be reduced by addition of received samples prior to multiplication, as well as parallel detection of multiple PSSs [9]. These desirable properties emanate from the time-domain symmetry of the PSS which is a consequence of the sequence and its mapping to the resource elements. Changing the PSS frequency location destroys this symmetry property and requires a much more complex cell searcher implementation. Furthermore, there are several constraints that apply to the PSS/SSS time location, e.g., the SSS should be located closely to the PSS to allow coherent SSS detection, the PSS and SSS OFDM symbols should be equidistantly placed each 5 ms and the PSS/SSS should not be transmitted in MBSFN subframes. As for a legacy carrier, the PSS/SSS should also not be transmitted in OFDM symbols containing time-frequency tracking signals (e.g., a reduced CRS) or PBCH (if present). The existing time-frequency positions fulfill all these requirements.  
3.2 PSS/SSS sequences
The PSS sequences were chosen to have low cross-correlations and assure good performance under frequency offsets as well as allowing low implementation complexity. This required a major design and evaluation effort in Rel-8, which needs to be revisited if enhancements were made. It should be noted that even if an additional set of root indices of the existing PSS sequences would be utilized, it needs to be assured that performance is acceptable and that there is no performance degradation. The SSS sequences were designed for allowing low-complex detection by means of Fast Hadamard Transforms. Given that we do not see any issue with the existing PSS/SSS time-frequency locations, we also see no reason to change the sequences. 
→ Confirm the working assumption: The Rel-8/9/10 PSS/SSS sequences are transmitted on the new carrier type.
4 Conclusions
For the non-synchronized carrier case, we find that: 
→ The existing RRC signaling mechanisms are sufficient for handling carrier accessibility.
→ The Rel-8/9/10 time-frequency positions of the PSS/SSS should be kept.
→ Confirm the working assumption: The Rel-8/9/10 PSS/SSS sequences are transmitted on the new carrier type.
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