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1 Introduction
According to the current agreements of new carrier type (NCT), the NCT will only carry port 0 CRS (Reduced CRS) in one out of every five subframes for tracking and the Reduced CRS will not be used for demodulation. Therefore, the NCT will be only using demodulation reference signal (DM-RS) for PDSCH/EPDCCH demodulation. Thus, the collision issue between PSS/SSS and DMRS in the central 6 PRBs need be resolved. At the RAN1#73 meeting, the following conclusion was reached [1]:
Conclusion:
· 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 this contribution, we will further discuss the collision issue between PSS/SSS and DMRS in the central 6 PRBs and provide our suggestions.
2 Discussion
Until RAN1#73 meeting, there are main two solutions as following for resolving the collision issue between PSS/SSS and DMRS in the central 6 PRBs.
Alt 1: Keep the Rel-10 DM-RS patterns and Rel-8 PSS/SSS locations unchanged, and avoid the collision between PSS/SSS and DM-RS with puncturing DM-RS when colliding with PSS/SSS. 
Alt 2: Keep the Rel-10 DM-RS patterns, and move the PSS/SSS to new time locations to avoid colliding with DM-RS, while the relative locations of PSS and SSS either can be the same as the Rel-8 relative locations or the new relative locations.
For Alt 1, the collision between PSS/SSS and DM-RS is avoided by puncturing DM-RS. The main disadvantage of this solution is the performance degradation since only one slot DM-RS can be used for channel estimation and only support up to 4 layers transmission. Especially, for the high speed mobility, the PDSCH/EPDCH performance may be heavily degraded. One may argue that the performance degradation would be mitigated if eNB only schedule the low speed mobility UE to use the central 6 PRBs when puncturing DM-RS. However, this solution may hardly implement since it relies on the accuracy speed detection and it incurs the unnecessary restriction to the eNB scheduler.
For Alt 2, the PSS/SSS is moved to new OFDM symbol locations to avoid collision with DM-RS. There is no impact on the PDSCH/EPDCCH decoding and the performance of PDSCH/EPDCCH will not be degraded. There are two options for the shifting PSS/SSS as flowing:  
Option 1: Keep the relative locations between PSS and SSS unchanged.
Option 2: Introduce the new relative locations between PSS and SSS.

For option 1, the order and inter-spacing between the PSS and SSS cannot be changed. Obviously, the main advantage of option1 is the UE can reuse the Rel-8 cell searcher and avoid any additional need for a UE implementation change. However, the drawbacks of this option are also obviously and discuss as following. 
A Rel-12 UE cannot identify the carrier type by detecting the PSS/SSS, thus may lead to additional mechanism for the carrier type identification. Moreover, this solution cannot prevent legacy UEs to acquire new carriers immediately. For the legacy UEs, they also can detect the PSS/SSS successfully, thus the legacy UEs may waste time and power to acquire the NCT. Moreover, legacy UEs will try to make RRM measurements on the NCT by blind detection CRS and this may lead to inaccurate measurements since the CRS would not be in the expected locations.
For option 2, the UE can identify the carrier type by detecting the PSS/SSS since the new relative location between PSS and SSS is introduced. And the legacy UE can be prevented to acquire NCT immediately. In other words, option 2 has not the drawbacks of option 1. This option only needs to introduce additional cell searcher for UE.
Therefore, according to the above discussion, we have the following proposals:
Proposal 1: The new locations of PSS/SSS should be introduced to avoid the collision between PSS/SSS and 
DM-RS.
Proposal 2: The new relative location between PSS and SSS should be introduced for the NCT.
In the next, we will consider the new time locations for PSS/SSS. Ideally, the new PSS/SSS should consider the restrictions that PSS/SSS should avoid colliding with DM-RS, Reduced CRS, CSI-RS and PBCH. Considering the Reduced RS and CSI-RS are not transmitted in every subframe, so it is possible to configure PSS/SSS transmitted in different subframes as the Reduced  CRS and CSI-RS if the RE collision in the same subframe cannot be avoided. For PSS/SSS colliding with PBCH, this case will not be occurred in the non-standalone NCT (NS-NCT) since the NS-NCT will not carry PBCH. For the standalone NCT, the PBCH may be re-designed. Therefore, avoiding the collision between PSS/SSS and DM-RS is the most important case. Moreover, the CRS will be not carried on the NCT, thus the legacy down link control channels will not present on the NCT. Thus, the new PSS/SSS time location can use OFDM symbols that may be used by PDCCH in LTE Rel-11.
Considering the above analysis of the time locations for the new PSS/SSS, we propose the following time locations for the NCT.  For FDD, the PSS is placed on the last OFDM symbol at the first slot of subframes 0 and 5, the SSS is placed on the second last OFDM symbol at the first slot of subframes 0 and 5. So in order to avoid collision with DM-RS, the PSS/SSS can be moved to the 2nd and 4th OFDM symbols of subframes o and 5 and depicted in the Fig. 1and Fig. 2.
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Fig. 1 The new PSS/SSS location for FDD with NCP               Fig. 2 The new PSS/SSS location for FDD with ECP
For TDD, the PSS is placed on the third OFDM symbol at the first slot of subframes 1 and 6, the SSS is placed on the last OFDM symbol at the second slot of subframes 0 and 5. So in order to avoid collision with DM-RS, PSS/SSS can be moved to the 2nd and 4th OFDM symbols of subframes 0 and 5 and depicted in the Fig. 3 and Fig. 4.
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Fig. 3 The new PSS/SSS location for TDD with NCP            Fig. 4 The new PSS/SSS location for TDD with ECP
From the above figures, it can be observed that this is a common design for TDD and FDD, so the UE cannot differentiate the TDD and FDD by detecting the PSS/SSS. So the additional signalling may be required to distinguish the frame structure.  However, the common design can reduce the UE implementation complexity and standardization efforts. Obviously, the proposed new PSS may collide with Reduced CRS with the extended CP, thus the collision cases need to be avoided. In the contribution [2], we suggest that the Reduced CRS subframe offset should be supported for the NCT. Therefore, we can avoid the collision between PSS and the Reduced CRS by properly configuring the Reduced CRS transmission subframes. For instance, for FDD, if the Reduced CRS is not configured to transmit in the subframe #0 and #5, the PSS will not collide with the Reduced CRS. For TDD, in order to resolve the collision issue, the Reduced CRS may have more restrictions. For the all TDD UL-DL configurations, the Reduced CRS can be transmitted in the subframe #1 and #6. Moreover, for the TDD UL-DL configuration 1, 2, 4, and 5, the Reduced CRS also can be transmitted in the subframe #4 and #9. In addition, for the TDD UL-DL configuration 2 and 5, the Reduced CRS can be transmitted in the subframe #3 and #8. If the collision between PSS and Reduced CRS cannot be avoided by configuring the Reduced CRS transmission subframes, we suggest puncturing the Reduced CRS when colliding with PSS. 
Therefore, according to the above analysis, we have the following proposal:
Proposal 3: PSS and SSS are transmitted on the 2nd and 4th OFDM symbols respectively in subframes 0 and 5 for the NCT.
3 Conclusion

In this contribution, we discuss the collision issue between PSS/SSS and DMRS in the central 6 PRBs and we kindly suggest that RAN1 agree on the following proposals:
Proposal 1: The new locations of PSS/SSS should be introduced to avoid the collision between PSS/SSS and 

DM-RS.

Proposal 2: The new relative location between PSS and SSS should be introduced for the NCT.
Proposal 3: PSS and SSS are transmitted on the 2nd and 4th OFDM symbols respectively in subframes 0 and 5 for the NCT.
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