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1 Introduction
In RAN1#68 the following was concluded:
Conclusions:

· No new detection/acquisition signals will be designed for the NCT (except possibly new time/frequency configurations of existing signals)

· For non-synchronized new carriers:

· Working assumption: Rel-8 PSS/SSS sequences are transmitted

· Time-frequency location of PSS/SSS is FFS; baseline is as per Rel-8. For proposals for other time-frequency locations, benefits relative to baseline should be shown

· Study further whether there is a benefit in preventing a Rel-8 UE acquiring the PSS/SSS of a carrier of the new type, and if so, how this might be done

Aim to confirm the working assumption and close the FFS at RAN1#68bis.

In this contribution, issues related to PSS/SSS mapping for the new carrier type (NCT) are identified and alternatives of PSS/SSS mapping are discussed. 
2 PSS/SSS mapping for the NCT
The baseline approach for the PSS/SSS mapping for the NCT is as per Rel-8. If the baseline approach is adopted for FDD, the PSS/SSS for the NCT are mapped onto the last and the second last OFDM symbols in the center 6 PRBs of the system bandwidth in the first slot of subframes 0 and 5 according to TR 36.211. While the baseline approach is simplest in terms of specification impact and UE implementation, several issues are identified for the baseline approach. 
· Issue 1: Impact on the UEs’ cell acquisition 
· To legacy UEs: Legacy UEs should not camp on the NCT, as the NCT is not stand-alone carrier at least for the legacy UEs. However, when PSS/SSS mapping is defined identical to Rel-8, the legacy UEs may try to camp on the NCT in its initial cell acquisition. In case Rel-8 PBCH is transmitted also in the NCT, the legacy UEs would also be able to decode the Rel-8 PBCH, but they would eventually fail to obtain the legacy SIB1 as no CRS-based PDCCH will be transmitted in the NCT. In case Rel-8 PBCH is not transmitted in the NCT, the legacy UEs would fail in decoding PBCH. In both cases, the legacy PSS/SSS mapping results in confusion in the legacy UEs initial cell acquisition, and costs waste of UE’s energy and longer cell acquisition time. 

· To Rel-11 UEs: In case the NCT is not stand-alone for the Rel-11 UEs, the impacts of the legacy PSS/SSS mapping to Rel-11 UEs are similar as to the legacy UEs. In case stand-alone NCTs are adopted for Rel-11 UEs, a Rel-11 UE would first obtain synchronization relying on the legacy mechanism and would have to find whether the current carrier is NCT or a legacy carrier, which complicates implementation. 
· Issue 2: UE-RS and PSS/SSS collision
· As the UE-RS mapping collides with the Rel-8 PSS/SSS mapping, Rel-10 does not allow UE-RS based transmission schemes in the center 6 PRBs in subframes 0 and 5 where PSS/SSS are transmitted. In Rel-11, if CRS is not transmitted in the NCT or if CRS is provided for frequency/timing sync but the CRS is not supposed to be used for the demodulation purpose, a new mechanism would be needed for the demodulation of PDSCH transmitted in the center 6 PRBs in case the Rel-8 PSS/SSS mapping is kept. 
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Figure 1 PSS/SSS mapping alternatives considering Issue 1
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Figure 2 Impact of the alternatives on the legacy UEs’ cell acquisition

Alternatives on resolving Issue 1

In order to resolve Issue 1, one possible solution is to map PSS/SSS sufficiently different from the Rel-8 PSS/SSS mapping, so that the UEs cannot camp on the NCT relying on the legacy cell acquisition mechanism. A few alternative solutions are considered below.
· Alt 0 (Baseline: legacy PSS/SSS mapping): When the PSS/SSS in the NCT are mapped according to the Rel-8 specification, legacy UEs will fail in decoding PBCH, in case no PBCH is transmitted in the NCT. 
· Alt 1 (Swap PSS/SSS OFDM symbols): When OFDM symbols mapping PSS and SSS are swapped, legacy UEs would fail in the energy detection for the SSS after they detect energy in the PSS. 

· Alt 2 (New root sequence indices for PSS): This alternative maintains the Rel-8 PSS/SSS mapping but the root indices u of NCT PSS are newly defined, i.e. Three possible values for u of NCT PSS have different values other than 25, 29, and 34, which are defined for Rel-8 PSS. Legacy UEs would fail in the energy detection for the PSS.
· Alt 3 (Non-adjacent OFDM symbols for PSS/SSS): Similarly to the Rel-8 TDD PSS/SSS mapping, PSS and SSS are mapped onto non-adjacent OFDM symbols. If the OFDM symbol spacing is different from the Rel-8 TDD, legacy UEs would fail in the energy detection for the SSS after they detect energy in the PSS, similarly to Alt 1. 
· Alt 4 (Swap mapping of two subsequences in SSS): The mappings of the two short sequences of SSS are swapped, i.e. the first short sequence is mapped to odd number sub-carriers and the second one is mapped to even number sub-carriers. Legacy UEs would fail in the energy detection for the SSS after they detect energy in the PSS.
Figure 2 illustrates the impact of the four alternatives on the legacy UEs’ cell acquisition. For example, when Alt 0 is adopted, legacy UEs will attempt to decode PBCH after acquiring synchronization with the PSS and SSS. 
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Figure 3 Synchronization signal mapping options considering Issue 2
Options to resolve Issue 2

On the other hand, to resolve Issue 2, the following two options are considered. 

· Option 1 (Rel-8 mapping): The first option is to keep the Rel-8 mapping of synchronization signals and to design a new UE-RS pattern for the center 6 PRBs where PSS/SSS are mapped. The Rel-8 mapping of PSS/SSS in case of FDD is depicted in Figure 3(a). Considering the UE complexity of implementing additional UE-RS channel estimator as well as the specification efforts associated with the new DM-RS pattern, this option is not preferred. 

· Option 2 (Time-domain remapping): The second option is to map the PSS/SSS for the NCT not to collide with the UE-RS APs 7-14, e.g., on different OFDM symbols than the last and the second last OFDM symbols in slot 0 in FDD. For example, the PSS/SSS can be placed in the center 6 PRBs on the 2nd and the 3rd OFDM symbols in slot 0, which is shown in Figure 3(b). It is noted that the PSS/SSS mapping in Figure 3(b) also avoids CRS REs as well as UE-RS. Avoiding collision of CRS and PSS/SSS can be useful in case CRS is used for timing reference signals (i.e., timing RS). Although this option requires remapping of PSS/SSS, the associated specification impact and additional implementation requirement for UEs seem to be limited to the remapping of PSS/SSS. Another example of time domain remapping according to Alt 2 for Issue 1 is shown in Figure 3(c).
It is also noted that frequency-domain remapping of PSS/SSS does not help to resolve the collision of UE-RS and PSS/SSS. Considering the specification impact and UE implementation complexity discussed above, Option 2 is preferred. 
3 Conclusion
This contribution examined the following issues related to the Rel-8 mapping of PSS/SSS for the NCT:
· Issue 1: Impact on the UEs’ initial cell acquisition.
· Issue 2: UE-RS and PSS/SSS collision.
To resolve these issues, the following proposals were made for the PSS/SSS mapping for the NCT:

· Proposal 1: The PSS/SSS for the NCT should be sufficiently distinguishable from the Rel-8 PSS/SSS.
· Proposal 2: The PSS/SSS should be remapped in the time domain, so that the PSS/SSS does not collide with the Rel-10 UE-RS antenna ports 7-14 (and CRS port 0). 
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