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1. Introduction
Discussions on handling PSS/SSS collision with DM-RS for NCT have been taking place in many RAN1 meetings. In particular, during the last two meeting RAN1#72bis and RAN1#73, the discussions to avoid collisions between PSS/SSS and DM-RS were on the choice of Alt 1 and Alt 2, as follows:

1. Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

a) Puncture DM-RS

2. Shifting PSS/SSS in time domain
a) Keeping Rel-8 relative locations of PSS/SSS: 
b) Change relative locations of PSS/SSS
At the end of RAN1#73, it was concluded that ‎[1]
· In case shifting PSS/SSS were to be adopted, study further whether the same or different relative positions would be used as in Rel-8 

· Study further the degradation due to possible puncturing of DMRS. 

In the following, we provide our views on how to handle the collision between PSS/SSS and DM-RS for NCT in Rel-12.
2. Discussions

Puncturing DM-RS

Among the two alternatives, puncturing the DM-RS has the minimal standardization and implementation impact. There is no additional PSS/SSS hypothesis and the PSS/SSS search complexity for the legacy UE and the UEs supporting NCT would be the same. When there is no PSS/SSS location change in NCT, also, the coexistence of NCT and legacy carrier in the same or adjacent cells are facilitated. 
Shifting PSS/SSS Locations for NCT cells
Shifting PSS and SSS (relative to DMRS REs) has been proposed to allow PDSCH/EPDCCH transmissions in PRBs with PSS/SSS. However, any new time locations of PSS/SSS, different from the current Rel-8/9/10/11 locations, would result in additional pair of PSS/SSS hypothesis in cell search and synchronization. This has more impact in standardization and UE implementation. 

However, the different PSS/SSS location for NCT from legacy carrier may be desirable in light of UE power consumption. In addition, there are some concern regarding the not negligible performance degradation especially as we go medium speed (30kmh), higher MCS (64QAM) and higher rank. 
There are many proposals for shifting PSS/SSS, e.g. ‎[2]-‎[4]. In case, shifting PSS/SSS is going to be selected as the alternative our preference is to have minimal impact on the standardization and UE implementation, including cell search and synchronization. 
For FDD NCT, in order to prevent collision with tracking CRS (TRS) locations, as well as the UE-RS locations, the preferred locations for SSS and PSS are OFDM symbols 1 and 2 in subframes 0 and 5 ‎[3] (see Figure 1), in which case the commonality of the locations for both normal and extended CPs is kept. In addition, the Rel-8 relative locations of PSS/SSS can be kept.
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Figure 1 Proposed PSS/SSS mapping for FDD
For TDD, we can consider OFDM symbols 2 and 1 in subframes 0 and 5 (see Figure 2) as the preferred locations for SSS and PSS. Here, the same locations as in FDD are used for PSS/SSS; however, the order of PSS/SSS is interchanged. 
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Figure 2: Option 3 for PSS/SSS mapping for TDD

The implications on implementation complexity are the following

· Initial Sync (applicable to S-NCT)

· Doubles the number of SSS hypothesis in TDD case, but same number of SSS hypothesis in the FDD case

· Scanning (TDD network– time synchronous)

· Doubles the number of PSS hypothesis

· Scanning (FDD network – time asynchronous)

· No additional complexity

· Carrier Aggregation – time synchronous

· Same as scanning for TDD network
There is an additional hypothesis testing for determining the carrier type. This happens implicitly for the TDD case, when this scheme is used, and for FDD the presence of PBCH counter-indicates NCT. This step is required even when PSS/SSS is not shifted.

Our preference is to shift the PSS/SSS locations such that there is minimal increase in the complexity of the search and synchronization procedure. Our preference is to keep Release 8/9/10 relative distance as much as possible.  For FDD, our preference is to keep the release 8/9/10 distance and just shift the locations. For TDD, we may just interchange the new locations for PSS/SSS.
3. Conclusion

In this contribution, we considered the collision issue between DM-RS and PSS/SSS in the NCT for TDD/FDD and discuss potential solutions to resolve the issue.
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