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1 Introduction

In RAN1#73, the issue of resolving the collision between PSS/SSS and DMRS have been discussed and it was concluded to study further whether the same or different relative positions of PSS and SSS would be used as in Rel-8 in case shifting of PSS/SSS were to be adopted, and also to study further the degradation due to possible puncturing of DMRS. The decision is as follows:

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. 
Arguments for shifting the PSS/SSS position have been extensively discussed and presented in the way forward R1-132799 co-sourced by many companies including NEC in RAN1#73. In this contribution, we discuss whether the same or different relative positions of PSS and SSS would be used as in Rel-8 in case shifting of PSS and SSS were to be adopted for Rel-12.  
2 Discussion of same or different relative positions as in Rel-8
As discussed in RAN1#73, same relative time positions of PSS and SSS as in Rel-8 mean that the order and time separation of the PSS and SSS are kept similar to Rel-8, while different relative time positions of PSS and SSS mean that the order and or time separation of the PSS and SSS are changed compare to Rel-8.
If stand-alone NCT is agreed, NCT-capable UE has to perform initial cell search when switched on, and after it is connected to a serving cell, it has to detect new neighbouring cells for RRM measurement. So, by keeping in mind these initial and neighbouring cell search mechanisms, the following two alternatives are discussed in this section. 
Alt-1: Keeping same relative positions of PSS and SSS as in Rel-8 for NCT
· The order and time separation of the PSS and SSS are same as in Rel-8. As SSS locates close to PSS, coherent detection of SSS based on the knowledge of the channel from PSS can be applied and the coherent detection performance of SSS is not changed compare to Release-8.
· The duplex mode (FDD or TDD) is detected early during the cell search procedure derived from the difference of the time locations of PSS/SSS for FDD and TDD modes. This was beneficial in Rel-8 as UE need to perform neighbouring cell measurements based on cell specific reference signals (CRS) contained in the downlink subframes where TDD has less number of DL subframes than FDD mode.
· Carrier type identification (BCT or NCT) cannot be achieved from the detection of PSS/SSS alone as their time positions are exactly the same in BCT and NCT. One solution could be to add some information into MIB, however, this is not be acceptable as UE is not required to read MIB during the neighbouring cell measurements. Another possible solution could be to detect the NCT from the reduced CRS (RCRS) structure compare to backward compatible carrier (BCT). However, there are concerns that this solution will increase the complexity of the UE’s cell search. 
· At least same PSS/SSS detection as Rel-8 could be used for the NCT-Capable UEs. 
Alt-2: Different relative positions of PSS and SSS as in Rel-8 for NCT
· The order and or time separation of the PSS and SSS is different from Rel-8. If time separation of the PSS and SSS are similar or shorter than Rel-8, then there are no issue for the detection performance of the SSS compared to Release-8. However, as the order and or time separation is different from Rel-8, NCT-capable UE has to accomplish two different cell search mechanisms one for BCT and another for NCT.
· The duplex mode (FDD or TDD) can be detected early from the new relative positions of the PSS/SSS if necessary. However, the necessity of early detection of duplex mode has to be revisited for the NCT. In Rel-8, one of the reasons for early detection of duplex modes is that TDD has always less number of downlink subframes than FDD and that has impact on UE behaviour when carrying out neighbouring cell measurements based on amount of downlink subframes which contain CRS. In Rel-12, NCT may be slightly different as there are only two subframes which contain RCRS and UE can always assume that RCRS are present in two subframes regardless of the duplex mode. However, if R-CRS placement for FDD and TDD are different, then, early detection of duplex mode is necessary.
· Carrier type identification (BCT or NCT) can also be achieved early from the new relative positions of PSS and SSS. As the number of downlink subframes that contains CRS is different between BCT and NCT, it seems necessary to adopt early identification of the carrier type for the purpose of neighbouring cell measurements where UE is not required to read MIB. Although same solutions as in Alt-1 applies here, but, the fast and less complex solution is to detect from the new relative positions of the PSS and SSS. One such solution is shown on Figure 1 where PSS and SSS are swapped compare to Rel-8 PSS/SSS of FDD. There is also an additional benefit of legacy UEs not able to detect the NCT during cell search procedure.
· The Rel-8 cell search cannot be used for the NCT. In this case, NCT-capable UE has to accomplish two different cell search mechanisms one for BCT and another for NCT. This will increase cell search time as well as implementation aspects.  

3 Flexible time locations for PSS/SSS on the NCT 

In HetNet scenario where small cells are deployed under the macro cell coverage in synchronous networks with a radio-frame and subframe alignment in the same frequency (e.g. Scenario #1 [1]), if PSS/SSS time positions of the macro and small cells are colliding, the performance of small cell identification is affected especially when UE is in the CRE region and tries to detect a weak small cell for offloading purpose. In such scenario, not all UEs will be equipped with interference cancellation (IC) as it will increase UE implementation complexity. So, in order to help a low complexity NCT UE to be able to detect weak small cells in CRE region, it may be beneficial to design flexible positions of the synchronisation signals in such a way that PSS/SSS time positions of the macro and small cells are not colliding. One viable design is to consider at least two possible locations for PSS/SSS on the NCT for both FDD and TDD systems. 
For example in FDD, in one candidate option, PSS/SSS could be placed in subframes 0 and 5 (i.e. OFDM symbols l =1 and 2), and in the other option, PSS/SSS could be located in subframes 4 and 9 (i.e. OFDM symbols l =1 and 2) which are non-MBSFN subframes. This example is shown in Figure 1 for FDD system. From this Figure 1, early detection of the NCT can be achieved from the swapped PSS/SS locations compared to Release-8. Furthermore, for TDD, first option could be same as FDD in subframes 0 and 5 (i.e. OFDM symbols l =1 and 2), and in the second option, PSS/SSS could be located in subframes 1 and 6 (i.e. OFDM symbols l =0 and 1), which are always downlink subframes as well as non-MBSFN subframes.
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Figure 1. Two possible locations for PSS/SSS on the NCT in the radio frame.
Proposal: Consider at least two possible locations for PSS/SSS in a radio frame for both FDD and TDD systems. 

Conclusion

In this contribution, we have discussed whether the same or different relative positions of PSS and SSS would be used as in Rel-8 in case shifting of PSS and SSS were to be adopted. We have the following proposals.
Proposal 1: Consider changing the time location of the PSS/SSS on the NCT compare to Rel-8. 
· Different relative positions of PSS and SSS than in Rel-8 is preferred.

Proposal 2: Consider at least two possible locations for PSS/SSS in a radio frame for both FDD and TDD systems. 
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