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1 Introduction

In RAN1#68bis and 69 meetings, the issue of time-frequency location of PSS/SSS for the new carrier type (NCT) was discussed and the following agreements were reached. 
Conclusion at RAN1#68bis:

· 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.
At RAN1#69:

·  Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS

· 1a: keeping Rel-8 relative locations of PSS/SSS:

· 1b: change relative locations of PSS/SSS

· Alt 2: Change the DM-RS pattern on NCT (i.e. in all subframes) to give better performance for PDSCH demodulation in the absence of a legacy control region (and thereby also avoiding collisions with PSS/SSS)

· Alt 3: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 3a: Puncture DM-RS: 

· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS

Agreement:
· The existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a)

Study until RAN1#70 Alternatives 1 and 3

Keep in mind the question of whether it is worth changing the PSS/SSS locations for NCT in Rel-11 given the considerations raised on DM-RS patterns. 

In this contribution, we discuss solutions to resolve the collisions between PSS/SSS and DM-RS on the NCT in Release-12 and show our preference.
2  Resolving collisions between PSS/SSS and DM-RS  

In Release-10/11, the center 6 PRBs in subframes 0 and 5 do not contain DM-RS due to presence of PSS/SSS signals and the PDSCH transmitted on these PRBs are demodulated with legacy common reference signals (CRS). However, for the unsynchronised NCT in Release-12 which may carry one CRS port for the purpose of time and frequency synchronization where that CRS port is not used for demodulation purpose as agreed in RAN1#68bis meeting, there is a need to transmit DM-RS for demodulating the PDSCH data. In RAN1#69, the following possible solutions were identified:
Alt-1) Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS: This alternative is to change the time location of the PSS/SSS while transmitting DM-RS in their usual locations. Within this alternative, there are two different sub-alternatives as follows:
· 1a) Keeping Rel-8 relative locations of PSS/SSS: The followings are some possible options for the PSS/SSS time locations while preserving the Rel-8 relative time locations:
· Option 1 (FDD): The SSS and PSS can be placed on OFDM symbols l =2 and l =3 respectively in the first slot of subframes 0 and 5 as shown on Figure 1. However, on extended CP subframes, as OFDM symbol l =3 contains CRS, this option cannot be applied to extended CP subframes.
· Option 2 (FDD): The SSS and PSS can be placed on OFDM symbols l = 1 and l =2 respectively in the first slot of subframes 0 and 5 for normal and extended CP lengths as shown on Figure 1 below and Figure A1 on Appendix A. 
· Option 3 (FDD): The SSS and PSS can be placed OFDM symbols l = 1 and l =2 respectively in the second slot of subframes 0 and 5 for normal and extended CP lengths as shown on Figure 1 below and Figure A1 on Appendix A. However, this option may collide with CSI-RS, so it is not preferable. 
· Option 4 (TDD): The SSS and PSS can be placed on OFDM symbols l = 1 and l =4 respectively in the first slot of subframes 1 and 6 for normal length and OFDM symbols l = 0 and l =3 respectively in slot 0 of subframes 1 and 6 for extended CP length as shown on Figure 2 below.
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     Figure 1. Keeping Rel-8 relative locations of PSS/SSS for FDD (Normal CP subframes)
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     Figure 2. Keeping Rel-8 relative locations of PSS/SSS for TDD
· 1b) Change relative locations of PSS/SSS: There are various different options, but, the followings are the notable options:
· Option 5 (FDD): If relative locations are allowed to be changed, the SSS and PSS can be swapped and placed on OFDM symbols l = 1 and l =3 respectively in the first slot of subframes 0 and 5 for normal CP length. However, for extended CP length case, the mapping can be OFDM symbols l = 1 and l =2 respectively as there are no other available OFDM symbols in the first slot of subframes 0/5.
· Option 6 (TDD): The SSS and PSS can be swapped and placed on OFDM symbols l = 1 and l =2 respectively in the second slot of subframes 0 and 5 for normal and extended CP lengths.
Alt-2) Change the DM-RS pattern on NCT: In order to give better performance for PDSCH demodulation in the absence of a legacy control region and thereby also avoiding collisions with PSS/SSS, the DMRS location could be changed. However, there are concerns that when DMRS location is changed it may also result that the CSI-RS locations have to be changed which may have impact on the system performance such as interference and legacy UEs RRM measurements on the NCT if required.
Alt-3) Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations: 

· 3a): Puncture DM-RS: The DMRS REs that collides with PSS/SSS locations are punctured in the subframe. However, the concern is that this will have significant impact on the PDSCH demodulation performance as well as the implementation of the channel estimator at the UE. 
· 3b): Forbid PDSCH transmissions in PRBs with PSS/SSS: DMRS and PDSCH are not transmitted in the center 6 PRBs in subframes 0 and 5. As the PDSCH cannot be transmitted in these PRBs, the concern is that some valuable resources are wasted which is against the motivation of the WI for improving system spectral efficiency.
In general, we think that preserving the Rel-8 relative time locations between PSS and SSS is important in order to achieve coherent detection performance of the SSS similar to Release-8. In addition, it is necessary to differentiate FDD and TDD modes during cell search procedure. Based on that, for FDD mode, Option 1 cannot be applied to extended CP subframes as it collides with CRS and Option 3 may also collide with CSI-RS. So, for FDD, our preference is Option 2.
For TDD mode, Option 6 cannot preserve the PSS/SSS Rel-8 relative locations and existing implementations; it may also collide with CSI-RS. So, for TDD, our preference is Option 4.

Conclusion
In this contribution, we have discussed solutions for resolving the collisions between PSS/SSS and DM-RS on the NCT for Release-12. We have the following proposals:
Proposal: Consider changing the time location of the PSS/SSS on the NCT while preserving the Rel-8 relative time locations as follows:

· Option 2 for FDD mode, the SSS and PSS could be placed on OFDM symbols l = 1 and l =2 respectively in the first slot of subframes 0 and 5 for normal and extended CP lengths.
· Option 4 for TDD mode, the SSS and PSS could be placed on OFDM symbols l = 1 and l =4 respectively in the first slot of subframes 1 and 6 for normal length and OFDM symbols l = 0 and l =3 respectively in slot 0 of subframes 1 and 6 for extended CP length.
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Appendix A. Time locations for PSS/SSS signals on Extended CP subframes.
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        Figure A1. Keeping Rel-8 relative locations of PSS/SSS for FDD (Extended CP subframes).
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