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1 Introduction 

For the new carrier type [1], the collision issue between PSS/SSS and DMRS has been extensively discussed. The conclusion from RAN1#73 is:
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 provide some further discussion on the shifting of PSS/SSS.
2 Discussion
One important decision to make for shifting PSS/SSS is whether to keep the same or different relative positions for PSS and SSS compared to Rel-8. By keeping the same relative position, the implementation design of PSS/SSS detection can be kept unchanged. However, there are a few other considerations:
(1) We think it is highly desirable for the NCT to be non-detectable to the legacy UEs because this would save UE battery by not performing unnecessary cell detection and measurement. It was raised that it would be helpful for legacy UEs to be able to measure NCT even though they cannot connect to NCT. However, we do not see what benefit this provides. Therefore, in our view, it is preferable to intentionally change the relative positions of PSS and SSS on NCT.

(2) For the UEs that support NCT, it is highly preferable for the UE to be able to differentiate between legacy carriers and NCT at this early stage because CRS detection/measurement and PBCH decoding may not be the same for legacy carrier and NCT. For example, reduced CRS could have a time/frequency location different from that of normal CRS, and PBCH decoding could be based on DMRS instead of reduced CRS. When any of the differences exist, if the UE cannot differentiate the type of carriers from PSS/SSS, the UE would need to test multiple hypotheses for reduced CRS and/or PBCH decoding.
(3) For TDD, it is not possible to keep the same relative positions for PSS and SSS while not conflicting with any of the RS signals. However it could share the same pattern as FDD. Detailed analysis can be found in [2].
Therefore having different relative positions is preferred.
· Proposal 1: In case shifting PSS/SSS were to be adopted, PSS and SSS on NCT should have different relative locations from that in Rel-8.
The next question is whether to have common positions for FDD and TDD. Such a solution exists. The drawback is that the UE would not be able use PSS and SSS to differentiate the FDD and TDD carriers, which is feasible in previous releases. However, this is not considered as a big issue due to following reasons:

· When a UE powers up for initial acquisition, there is usually a pre-configured and prioritized frequency list for the UE to search from, and the UE should know whether each frequency is for FDD or TDD.

· In idle or connected mode, the eNB typically provides a neighbor list to the UE for measurement. Again the UE knows whether the adjacent cell is a FDD or TDD cell.
So it does not seem particularly important for the UE to be able to differentiate FDD and TDD based on PSS/SSS. In this case, sharing the same locations for FDD and TDD allows a common design for FDD and TDD UEs, thus reducing the UE development cost.

· Proposal 2: In case shifting PSS/SSS were to be adopted, the relative locations of PSS and SSS should be the same for FDD and TDD to simplify UE development.
We have a detailed proposal in [2] on the locations of PSS/SSS, where PSS is transmitted on the 2nd OFDM symbol and SSS is transmitted on the 3rd OFDM symbol for both FDD and TDD with normal or extended CP. This should not introduce too much additional work for UE vendors because PSS and SSS are still one symbol apart (same as in Rel-8, and facilitating coherent detection), only that the order is switched. Any other locations satisfying both proposal 1 and 2 can also be considered.
If for any reason, it is considered important for the UE to differentiate FDD and TDD cell early, we propose to use one bit in MIB for this purpose [2].
Other than shifting PSS/SSS, another option is to perform DMRS puncturing. The only benefit of adopting DMRS puncturing instead of PSS/SSS shifting is that the UE can reuse the Rel-8 PSS/SSS implementation design without any change. The drawback includes the performance degradation and the additional UE complexity to handle the punctured DMRS pattern, which could outweigh any complexity reduction from reusing the PSS/SSS design. The key question is how much additional complexity is introduced by shifting PSS/SSS, and whether it justifies the improved performance. The proposal here appears to be rather straightforward and only minor changes in implementation are needed. This, in our opinion, justifies shifting PSS/SSS.

· Proposal 3: Shifting PSS/SSS is adopted for resolving the conflict with DMRS.
3 Conclusions
In this contribution, we discuss the shifting of PSS/SSS to avoid the conflict with DMRS, and propose the following: 
· Proposal 1: In case shifting PSS/SSS were to be adopted, PSS and SSS on NCT should have relative locations different from that in Rel-8.
· Proposal 2: In case shifting PSS/SSS were to be adopted, the relative positions of PSS and SSS should be the same for FDD and TDD to simplify UE development.
· Proposal 3: Shifting PSS/SSS is adopted for resolving the conflict with DMRS.
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