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1. Introduction

The mapping of PSS/SSS and UERS on the NCT to avoid collision has been discussed over the past three RAN1 meetings. It was agreed to first evaluate the benefits of new UERS (DMRS) patterns – or more accurately, locations – before considering other options. At RAN1 #72bis it was concluded that there was no significant performance gain for new UERS locations. Therefore, it was agreed to discuss between the following options:
· Do not adopt a new DMRS pattern and shift PSS/SSS

· Do not adopt a new DMRS pattern and puncture DMRS (do not shift PSS/SSS (at least for the motivation of avoiding collisions with DMRS))
· Any other solutions for the PRBs containing PSS/SSS
This contribution compares these alternatives for resolving collisions between UERS and PSS/SSS. 
2. Discussion
In this section we discuss three solutions for collision avoidance, namely new locations for PSS/SSS, puncturing UERS and other solutions, namely, PDSCH demodulation based on the tracking RS and preventing PDSCH transmission in the PSS/SSS region.
2.1. New location for PSS/SSS
The PSS/SSS can be moved to new OFDM symbol locations to avoid collision with UERS. One approach is to maintain the relative locations of PSS/SSS for both TDD and FDD. This ensures that, similarly to Rel-11 cell search, coherent detection of SSS can be performed after PSS detection if the channel coherence time is longer than the relative spacing/position between PSS and SSS. An example mapping from [1] is illustrated in Figure 1, where the proposed NCT mapping for PSS/SSS and tracking RS (TRS) is shown on the right side. One drawback of preserving the same relative spacing/position as in Rel-11 is that it PSS/SSS cannot support carrier type identification. For SCell-NCT this is not an issue because the carrier type can be signaled to the UE during SCell configuration. On the other hand, if a standalone NCT is introduced in the future, carrier type identification is required. 
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Figure 1 Example of a new PSS/SSS location maintaining relative spacing
An alternative approach is to change the relative spacing and/or position of PSS and SSS (see e.g. [2] and references therein). In addition to resolving collision between PSS/SSS and UERS this solution has the side benefit of carrier type identification.  Although this solution increases the number of hypotheses to four, for detecting both the duplexing mode and carrier type, we note that in most cases the duplexing mode is known from the E-UTRAN frequency band, which reduces the number of hypotheses to 2. Figure 2(a) and 2(b) each show exemplary locations for both FDD and TDD. 
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Figure 4 Example of a new PSS/SSS location with different relative spacing to distinguish carrier type and duplexing mode
Proposal: if new PSS/SSS locations are agreed, consider the possibility of implicit carrier type identification based on the new PSS/SSS locations.

2.2. Puncturing UERS
An alternative solution is to puncture UERS in the event of a collision with PSS/SSS. While puncturing UERS could degrade channel estimation, the performance impact may not be significant if the NCT is only deployed for low mobility scenarios. Simulations provided in [3] seem to confirm this reasoning. Secondly, it can be argued that the eNB could schedule low MCS transmissions to reduce the impact of degraded channel estimation on spectral efficiency. 
It is necessary to also consider the separate but related question of supporting a standalone NCT. In our view a standalone NCT, if specified, should provide at least the same performance as a backward compatible (CRS-based) carrier type with respect to throughput and deployment scenarios. Furthermore, a standalone NCT should offer additional benefits such as energy savings and throughput gains resulting from a reduction in inter-cell CRS interference. Therefore, if a standalone NCT is deployed in a high speed cell, puncturing UERS may lead to unacceptable performance degradation compared to a backward compatible carrier type. Although it may be argued that an eNB can schedule low speed UEs when UERS is punctured, such a solution may be impractical since it relies on speed detection and moreover, it adds an unnecessary restriction to the eNB scheduler.

Observation: puncturing of UERS may lead to performance degradation in high speed scenarios.
2.3. Other solutions
A different solution that was mentioned at the RAN1 #72bis meeting, is to use the tracking RS for PDSCH demodulation in the event of a collision with PSS/SSS. There are several drawbacks with this proposal:

· The tracking RS is not necessarily transmitted in the subframes containing PSS/SSS. This is always true at least for TDD, where PSS and SSS are transmitted in consecutive subframes. Moreover, in addition to the agreed periodicity of 5ms there may be benefits to also specifying a subframe offset for tracking RS as mentioned in [4]. 

· Secondly, TRS-based demodulation is limited to single antenna port PDSCH transmission in the center 6 PRBs of subframes containing PSS/SSS.

· Finally, such an approach reverses the earlier decision that PDSCH is not demodulated with the tracking RS. 
A different option is that PDSCH is not transmitted in the PSS/SSS region. In some sense this option can be viewed as a special case of UERS puncturing because it can be left to eNB implementation whether to schedule a UE with possibly degraded channel estimation or leave this region blank.

3. Conclusion

This contribution considered the several proposals for resolving collisions between DM-RS and PSS/SSS for the NCT. Our conclusions are:
1. If new PSS/SSS locations are agreed, consider the possibility of implicit carrier type identification based on the new PSS/SSS locations.

2. Puncturing of UERS may lead to performance degradation in high speed scenarios.

3. It is not desirable to fall back to TRS-based demodulation for PDSCH transmitted in the PSS/SSS region for several reasons such as the fact that TRS may not be present in subframes containing PSS/SSS.
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