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1. Introduction

Aggregation of a new carrier type (NCT) with a backward compatible carrier was first proposed in Rel-11. Some of the motivations of the NCT include a reduction of common control signaling and cell-specific reference signals in order to improve network energy efficiency and enable ICIC. Due to time constraints, standardization of the NCT was moved to Rel-12 (see WID in [1]) with the understanding that specification work would continue from existing agreements reached in Rel-11. It was agreed that time/frequency tracking on the NCT shall be based on a 1-port CRS with 5ms periodicity (also known as a tracking RS). However, it was agreed that the tracking RS shall not be used for demodulation. This introduces a problem for DMRS-based PDSCH demodulation because DMRS is not transmitted in the center 6 PRBs in subframes containing PSS/SSS. 
The conclusions reached at RAN1 #69 [2] were to study the following alternatives for resolving collision between DMRS and PSS/SSS on the NCT:

· 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 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

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

This contribution evaluates the proposed alternatives for resolving collisions between DMRS and PSS/SSS, and makes some recommendations on how to proceed in Rel-12.
2. Discussion
The first class of solutions – Alternatives 1a/1b – involves avoiding collisions by moving the location of the PSS/SSS. This is in line with the agreement that no new DMRS pattern shall be introduced. In our view, a few design principles should be followed when evaluating new time locations for the PSS/SSS:

1) Preserve the maximum legacy spacing between PSS/SSS. Specifically, in current cell search an FDD UE implementation can take advantage of the adjacent symbol locations to perform coherent detection of SSS after PSS detection. For TDD the same principle can be followed if time coherence is longer than 3 symbols. Therefore, for both FDD and TDD synchronization performance on the NCT should be no worse than for legacy carriers. As such, at most 3-symbol spacing as in legacy TDD is preferred.

2) Avoid symbols with tracking RS.

Based on these design principles, proposed locations in e.g. [3] and [4] should be further studied. It is also noted that the relative positions of PSS/SSS allows early determination of the duplexing mode (TDD/FDD) during cell search. Changing the time locations introduces an additional hypothesis for either FDD or TDD to detect SSS (based on whether it is a legacy carrier or an NCT). For example, moving PSS/SSS in FDD to OFDM symbols 1 and 2 for FDD implies that during initial cell search the UE needs to determine whether PSS/SSS are located in symbols 6/5 (legacy) or in symbols 2/1 (NCT). 
Proposal: evaluate synchronization performance and UE complexity for handling different PSS/SSS locations between legacy CCs and NCT.
The second class of solutions, Alternatives 3a/3b, seeks to maintain the same time locations of DMRS and PSS/SSS. Alt. 3b proposes that PDSCH is not scheduled in PRBs containing PSS/SSS. This seems to be restrictive given that the motivation of CA – and small cell enhancements in Rel-12 – primarily targets higher spectral efficiency. If small bandwidths such as 1.4 MHz are considered for the NCT, this results in a loss in spectral efficiency of about 20% for 1.4 MHz. On the other hand puncturing out DMRS implies that, e.g. in FDD, a pair of DMRS symbols is lost. While this degrades channel estimation the impact may not be too severe depending on the UE speed. In any case, Alt.3a is preferable compared to explicitly forbidding PDSCH transmission in PRBs containing PSS/SSS. Moreover, it should be up to the eNB whether to schedule PDSCH in PRBs containing PSS/SSS without explicitly forbidding it by specification.
Proposal

· Based on the motivations for NCT for CA and small cell enhancements Alt 3b is not preferred. 
· Performance evaluation is required to ascertain the impact on PDSCH of puncturing DMRS in subframes containing PSS/SSS. If the performance impact of puncturing DMRS is marginal in most relevant cases, this is a preferred solution.
3. Conclusion

This contribution considered the existing proposals for resolving collisions between DMRS and PSS/SSS for the NCT. Our recommendations are:
· Evaluate synchronization performance and UE complexity for handling different PSS/SSS locations between legacy CCs and NCT.

· Based on the motivations of NCT for CA and small cell enhancements, Alt 3b is not preferred. 
· Performance evaluation is required to ascertain the impact on PDSCH of puncturing DMRS in subframes containing PSS/SSS. If the performance impact of puncturing DMRS is marginal in most relevant cases, this is a preferred solution.
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