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1 Introduction
In RAN1#72 the following conclusion was made on the PSS/SSS in NCT cells:
· RAN1 will study further the different alternatives, including studying the benefits of new DMRS patterns on the NCT  

· Study should consider both PDSCH and EPDCCH

· Study should consider any possible impact on CSI-RS 

· May also take into account hypothetical impact on PBCH

· Study should at least include macro scenario; reduction of DMRS overhead is out of scope of this study. 

· Aim to conclude the study by RAN1#73

· Discuss details of simulation assumptions offline during this week – revisit on Friday (email approval after the meeting if not agreeable on Friday) – Fredrik (HW) - R1-130742
· Only DMRS patterns that do not collide with Rel-8 positions of PSS/SSS will be considered 

· Baseline enhanced DMRS pattern to be provided

· Other DMRS patterns for evaluation may be submitted until 22nd February. 

· Decision on handling of collisions with PSS/SSS after study has concluded

· If it is agreed to adopt a new DMRS pattern, the other alternatives will not be considered further

Note: NCT should be able to be operated on both macro and small cells. Target speeds are same as were assumed for LTE Rel-8.
This contribution discusses analyses pros/cons and potential spec impacts of designing new DMRS patterns for NCT as an option of resolving DMRS and PSS/SSS collision, and also presents link-level simulation results comparing performance of the baseline enhanced DMRS pattern and Rel-10 DMRS pattern. 
2 Impact of introducing a new DMRS pattern for NCT
Introduction of a new DMRS pattern for NCT was proposed in RAN1#69 as an alternative of resolving the issue of DMRS and PSS/SSS collision. In addition, it was also argued that a new DMRS pattern may provide performance gain for high speed UEs. 

Potentially aiming to have these advantages, a few companies have submitted their respective DMRS patterns during the e-mail reflector discussion [2]-[6], in addition to the baseline enhancement pattern provided in [1]. However, as a PRB is already quite crowded with other types of RS, the “enhancement” DMRS patterns proposed in [1]-[6] create other collision issues that require additional specification efforts. 

· When the new DMRS is carried in the OFDM symbols with CSI-RS, new CSI-RS patterns have to be defined for NCT. 

· When the new DMRS is carried in the OFDM symbols with tracking RS (TRS), a new TRS pattern has to be defined for NCT. Or alternatively, a fixed frequency shift for TRS can be considered so that the new DMRS does not collide with the TRS [7]. However, a fixed frequency shift creates another issue of degrading the time/frequency tracking performance owing to severer inter-cell interference. 

Some of the proposals in [1]-[6] imply that separate design of DMRS patterns are necessary for FDD and TDD (e.g., the one in [4]) to resolve the DMRS and PSS/SSS collision, which requires even more significant specification and testing efforts and UE implementation complexity. 

Observation 1: Introduction of a new DMRS pattern is introduced for NCT requires revision of other RS patterns, e.g., CSI-RS and TRS.
3 Performance of the baseline enhanced DMRS pattern
The PDSCH BLER performance of the baseline enhanced DMRS pattern [1] is compared against the Rel-10 DMRS pattern in Figure 1, according to the evaluation assumption agreed in [1]. For 30kmh and QPSK/16QAM with 120kmh, the performance advantage of the enhanced DMRS pattern is marginal. The advantage of the enhanced DMRS pattern has been found only in a non-typical case of configuring 64QAM for 120kmh UEs. 
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Figure 1 Performance of the baseline enhanced DMRS pattern
Observation 2: The BLER gain of baseline enhanced DMRS pattern is marginal against the Rel-10 pattern when practical link adaptation is considered. 
4 Conclusion
This contribution analyzed the pros and cons of introducing a new DMRS pattern for NCT and made the following observations:
Observation 1: Introduction of a new DMRS pattern is introduced for NCT requires revision of other RS patterns, e.g., CSI-RS and TRS.
Observation 2: The BLER gain of baseline enhanced DMRS pattern is marginal against the Rel-10 pattern when practical link adaptation is considered. 

The new DMRS pattern achieves a nominal gain over the Rel-10 pattern, but it introduces significant spec impact, testing requirement and UE implementation complexity. Hence, time remapping of PSS/SSS is preferred over the DMRS remapping option for simplicity. The details of the preferred alternative can be found in the appendix. 

Proposal: Adopt PSS/SSS remapping for resolving the PSS/SSS and DMRS collision in NCT. 

Appendix
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Figure 2 Proposed PSS/SSS mapping for FDD
For FDD NCT, OFDM symbols 1 and 2 are preferred to be the locations of PSS/SSS, to prevent collision with timing CRS (TRS) locations, as well as the UE-RS locations and to keep the commonality of the locations for both normal and extended CPs.
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Figure 3 PSS/SSS mapping alternatives for TDD
For TDD NCT, two alternative locations for PSS/SSS preventing collisions with UE-RS and TRS are considered as depicted in Figure 3. 

In Alternative 1, FDD and TDD have the same PSS/SSS RE mapping, which deviates from the R8 principle. As a result, a UE cannot figure out whether the NCT cell is FDD or TDD by detecting PSS/SSS. In case of non-standalone NCT, the UE can be RRC configured of the information related to the NCT cell in the Pcell, and hence the FDD/TDD information can be included in the RRC configuration in the Pcell if necessary. In case of standalone NCT, which could be discussed in phase 2 of the WI if RAN1 agrees to introduce one, an SIB may carry the information on the FDD/TDD similarly to the Rel-8 design, where SIB1 carries the freqBandIndicator to inform the exact band number [3].   
In Alternative 2, PSS/SSS relative distance is the same between Rel-8 TDD carrier and the NCT TDD carrier, and hence early detection of FDD/TDD is still possible in the NCT cells. Furthermore, a TDD-only UE can rely on Rel-8 cell search mechanism and does not need to implement any new mechanism. 
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