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1 Introduction

In the last meeting RAN1#68bis, it has been discussed the issue of time-frequency location of PSS/SSS for the additional new carrier type (NCT) in Release-11. Motivations for changing the time/frequency location relative to Release-8 were identified as preventing legacy UEs from acquiring the new carrier, DM-RS avoidance in central 6 PRBs and considering ICIC applications. The conclusion was as follows:
Conclusion:

· Currently no consensus on the need to introduce physical layer mechanisms to prevent legacy UEs acquiring new carriers. 

· Consider until RAN1#69 at least solutions to completely resolve collisions between PSS/SSS and DM-RS

· For solutions based on modifying the PSS/SSS, consider only solutions which only change the time location of the PSS/SSS (do not consider further changing the frequency location)

· Take into account the PSS/SSS performance

In this contribution, we discuss solutions that change the time location of the PSS/SSS for the purpose of resolving the collisions between PSS/SSS and DM-RS as well as ICIC consideration on the NCT in Release-11.
2  PSS/SSS time locations on the NCT 
The potential motivations for changing the time/frequency location relative to Release-8 that has been identified in the last meeting are preventing legacy UEs from acquiring the new carrier, DM-RS avoidance in central 6 PRBs and ICIC consideration in CA scenarios.
Regarding preventing legacy UEs from acquiring the new carrier, it was argued that the existing L2 mechanisms are adequate to prevent Release-8/9/10 UEs from camping on the new carriers, and, therefore, currently no consensus was reached on the need to introduce physical layer mechanisms to prevent legacy UEs from acquiring new carriers.
The two open issues are how to avoid the collisions between PSS/SSS and DM-RS in the central 6 PRBs of the system bandwidth and ICIC consideration, which will be discussed in the next two subsections.

2.1 Resolving collisions between PSS/SSS and DM-RS  

In Release-10, the center 6 PRBs in subframes 0 and 5 do not contain DM-RS due to presence of PSS/SSS signals and PDSCH transmitted on these PRBs can be demodulated with legacy common reference signals (CRS). However, for the unsynchronised NCT in Release-11 which carries only one CRS port for the purpose of time and frequency synchronization where that CRS port is not used for demodulation purpose as agreed in the last meeting, there is a need to transmit DM-RS for demodulating the PDSCH data. There are two possible solutions for this [2]:
1) To design of new DMRS pattern for the center 6 PRBs: there are concerns on UE complexity for implementing new DM-RS channel estimator as well as specification effort in Release-11 time scale. So, this option is not preferable.
2) To change the time location of the PSS/SSS: By moving the PSS/SSS to a new time location and transmitting DM-RS in their usual locations, the impact on UE implementation complexity and extra specification effort are minimized. This option is preferable.
Possible time locations for PSS/SSS signals:
Option 1: The PSS/SSS to be placed in the center 6 PRBs on the 2nd and 3rd OFDM symbols (indexing OFDM symbols from 0) in slot 0 as shown on Figure 1. However, on extended CP subframes, as 3rd OFDM symbol contains CRS, this option cannot be applied to extended CP subframes.
Option 2: The PSS/SSS to be placed in the center 6 PRBs on the 1st and 2nd OFDM symbols in slot 0 giving same time location for normal and extended CP lengths as shown on Figure 1 below and Figure A1 on Appendix A respectively. 
Option 3: The PSS/SSS to be placed in the center 6 PRBs on the 1st and 2nd OFDM symbols in slot 1 giving same location for normal and extended CP lengths.
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Figure 1. Possible time locations for PSS/SSS signals (Normal CP subframes).
2.2 ICIC consideration in CA scenarios  
During Release-10 discussions on component carrier types, an application scenario of component carrier level interference coordination for reliable PDCCH transmission in heterogeneous networks [5-7] was identified. As shown in Figure 2, in the CA scenario, PDCCH, PHICH and PCFICH are not transmitted from the Secondary cell F2 (i.e. PDCCH-less) of the Macro eNB, as it may cause high interference to the Primary cell F2 of the Pico eNB and cross-carrier scheduling from F1 is employed in order to achieve reliable transmission of the control channels. On the Pico eNB, PDCCH, PHICH and PCFICH are not transmitted from the Secondary cell F1 (i.e. PDCCH-less) as it suffers from high interference and cross-carrier scheduling from F2 is employed in this case as well. This CA arrangement achieves interference coordination for more reliable control transmissions.
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Figure 2. Concept of component carrier level ICIC for PDCCH transmission in heterogeneous networks

However, component carrier level interference coordination may not achieve reliable synchronization signals (PSS/SSS) and system information (BCH) between the Macro cells and small cells (i.e. Picos). One possible solution is to apply a new time location of PSS/SSS on the NCT for interference co-ordinations so that the collision of the synchronization signals between the Macro cells and small cells can be avoided as shown in Figure 3 below. In this case, options described in section 2.1 can be applied, for example Option 1 can be transmitted in each NCT carrier in subframes 0 and 5. 
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Figure 3. Component carrier level ICIC for synchronization signals (PSS/SSS) in heterogeneous networks.
Conclusion
In this contribution, we have discussed solutions which involve the time-domain location change of the PSS/SSS for the purposes of resolving the collisions between PSS/SSS and DM-RS and applying ICIC on the NCT in Release-11. We have the following proposals:
Proposal 1: Consider changing the time location of the PSS/SSS on the NCT to one of the followings:

· Option 1: The center 6 PRBs on the 2nd and 3rd OFDM symbols (indexing OFDM symbols from 0) in slot 0 in subframes 0 and 5.
· Option 2: The center 6 PRBs on the 1st and 2nd OFDM symbols in slot 0 in subframes 0 and 5.
· Option 3: The center 6 PRBs on the 1st and 2nd OFDM symbols in slot 1 in subframes 0 and 5.
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Appendix A. Time locations for PSS/SSS signals on Extended CP subframes.
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Figure A1. Possible time locations for PSS/SSS signals (Extended CP subframes).
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