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1. Introduction

The NCT discussions were put on hold based on decisions made in RAN plenary, and one work item was agreed later in [1]. It has been defined a first phase of NCT work is for the case that NCT is aggregated with a legacy LTE carrier. And it is also agreed that the work will proceed from the starting point of the agreements and working assumptions reached so far in RAN1 during the Rel-11 work item. In this paper, we continue the discussions on PSS/SSS mapping in NCT.   

In RAN1 #68bis the time-frequency location of PSS/SSS on Rel-11 NCT was discussed. The following has been captured in the meeting notes [2]

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 RAN1 #69 the topic was discussed and several alternatives were listed to solve the collision issue [3]
· 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

Furthermore, Alt 2 was excluded due to the collisions between DM-RS and CSI-RS if the DM-RS patterns were changed to another existing DM-RS pattern. The following agreement was also made on DM RS pattern

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

In this paper, we further discuss on the alternatives and present our view on the topic. 
2. Discussions on Alt 1 and Alt 3
Among the listed alternatives, Alt 3b basically follows the existing behaviour in previous LTE releases. As discussed in [4], it is possible to remove such restriction of PDSCH scheduling, as the NCT does not need to be backwards compatible. In fact, the previous RAN1 agreements NCT  during Rel-11 (e.g., reduced CRS time density) were also based on this assumption. 
In Alt 3a the DM-RS is punctured when it collides with PSS/SSS. The impact of the puncturing on demodulation needs to be further evaluated. Furthermore, Alt 3a may lead to different DM RS patterns depending on frequency locations, which may also impact the UE’s channel estimation implementation, especially when PRB bundling operation is enabled for precoding in the downlink.  

It is thus our preference that PSS/SSS time locations are changed to solve the collision issue. The main difference between Alt 1a and 1b is whether the relative positions of PSS/SSS are kept as in legacy carrier. In [4] we proposed some design principles 

· Principle 1) PSS/SSS shall not use OFDM symbols that contain DM RS or CRS

· Principle 2) The time distance between PSS and SSS symbols shall not increase compared to  Rel-8, to ensure similar coherent detection performance
· Principle 3) New PSS/SSS time location can use OFDM symbols which may be used by PDCCH in LTE Rel-10. 
As discussed in [4], for FDD it is straightforward to find new PSS/SSS time locations that fulfil principles 1)-3), and in the new pattern the relative positions of PSS/SSS can be kept the same, i.e., adjacent OFDM symbol. This flexibility is possible due to Principle 3) listed above. With Principle 3) there is neither any possible collision between the new PSS/SSS patterns and CSI-RS. In Appendix A some examples of new PSS/SSS locations are given for normal CP and extended CP cases, respectively.  

For TDD, as shown in [4], it is difficult to find new PSS/SSS time locations that have the same relative time distance as existing one, but there is actually room for further improvement if the first 2 symbols in the DwPTS region are used for PSS/SSS, which results in smaller time distance between PSS/SSS than existing one. In Appendix B some examples of new PSS/SSS locations are given for TDD cases. 
Based on the discussions, we propose the following 

· Alt 1 is adopted

· For FDD the relative time positions of PSS/SSS are kept the same as existing one

· For TDD, the 1st and 2nd symbol in the DwPTS region are used for new PSS/SSS locations

3. On RRM Measurement of NCT
In RAN1 #69, ttt  [3] raise the question “Should legacy UEs be able to make RRM measurements on NCT…”. 
First of all, there is so far no agreement whether a legacy UE shall be able to even detect a NCT. It has been discussed previously that if the BCH is not presented on NCT, a legacy UE, even if it detects PSS/SSS (assuming the PSS/SSS mapping is not changed), will not able to do cell selection to the NCT. Therefore, we propose to establish a common understanding on the need of a legacy UE to detect the Rel-12 NCT before starting to discuss possible impact to legacy UE’s RRM measurements. 
3. Conclusions
In this paper, we first discussed possible new PSS/SSS time locations in NCT, to solve the collision between PSS/SSS and DM RS. 
We listed again the following principles in finding new time locations for PSS/SSS

· Principle 1) PSS/SSS shall not use OFDM symbols that contain DM RS or CRS

· Principle 2) The time distance between PSS and SSS symbols shall not increase compared with Rel-8, to ensure similar coherent detection performance
· Principle 3) New PSS/SSS time location can use the OFDM symbols which may be used by PDCCH in LTE Rel-10. 
And we propose for new PSS/SSS mapping 
· Alt 1 is adopted

· For FDD the relative time positions of PSS/SSS are kept the same as existing one

· For TDD, the 1st and 2nd symbol in the DwPTS region are used for new PSS/SSS locations

Furthermore, we notice that some questions related to legacy UE’s RRM measurement on NCT were raised in RAN1 #69, and we propose the group to first establish a common understanding on the need of a legacy UE to detect the Rel-12 NCT, before starting to discuss possible impact to legacy UE’s RRM measurements.
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Appendix A: New PSS/SSS locations for FDD
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Figure A-1 PSS/SSS time location for FDD, NCP
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Figure A-2 PSS/SSS time location for FDD, ECP
Appendix B: New PSS/SSS locations for TDD
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Figure B-1 PSS/SSS time location for TDD, Normal CP
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Figure B-2 PSS/SSS time location for TDD, ECP


