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1   Introduction
In RAN1#68bis the issue of PSS/SSS placement in New Carrier Type (NCT) was discussed [1],[2] and the following conclusions we made.
Conclusion:

· Currently no consensus on the need to introduce physical layer mechanisms to prevent legacy UEs acquiring new carriers. 

· Consider until RAN1#69 at least solutions to completely resolve collisions between PSS/SSS and DM-RS

· For solutions based on modifying the PSS/SSS, consider only solutions which only change the time location of the PSS/SSS (do not consider further changing the frequency location)

· Take into account the PSS/SSS performance


In this document we consider PSS/SSS collision with other reference signals on NCT and provide our view of time domain placement of PSS/SSS. 
2   Discussion
In Rel8/9/10 for Frame structure type 1(FDD), PSS is mapped to last symbol (i.e., symbol 6 for normal CP and symbol 5 for extended CP
) in slots 0 and 10. SSS is mapped to 
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th symbol (i.e., symbol 5 for normal CP and symbol 4 for extended CP) in slots 0 and 10. 
For frame structure type 2 (TDD), PSS is mapped to the third OFDM symbol in subframes 1 and 6. SSS is mapped to 
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th symbol (i.e., symbol 6 for normal CP and symbol 5 for extended CP) in slots 1 and 11. Figures 1a and 1b show PSS/SSS placement for FDD and TDD respectively.
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Figure 1a – Rel 8/9/10 PSS and SSS placement (FDD)
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Figure 1b – Rel 8/9/10 PSS and SSS placement (TDD)

For the new carrier type in Rel11, we use the following design considerations for PSS and SSS placement

1. PSS/SSS RE locations should not collide with Rel10 DMRS RE locations 

2.  PSS/SS RE locations should not collide with Rel8/9/10 R0 RE locations (This constraint ensures full flexibility for configuring the NCT RS pattern agreed in RAN1#68bis) 
3. PSS and SSS should be placed as closely as possible in time domain (Since the UE is allowed to use PSS channel estimates for SSS detection, this constraint helps in keeping PSSS/SSS performance close to Rel8/9/10)

PSS/SSS Placement for FDD
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Figure 2 – DMRS and R0 RE locations (FDD)

Figure 2 shows mapping of DMRS REs and R0 REs for FDD. Based on the design considerations mentioned above, choices for PSS and SSS mapping ({symbol used for SSS, symbol used for PSS}) are as below
Normal CP: { 1,2} or {2,3} in either first or second slot of a subframe
Extended CP: {1,2} in either first or second slot of a subframe
We prefer using symbols {1,2} for {SSS,PSS} as this mapping also allows commonality between normal and extended CP.
Proposal 1: For the new carrier type supporting frame structure type 1, in slots where PSS and SSS are present, SSS is mapped to symbol 1 and PSS is mapped to symbol 2.

PSS/SSS Placement for TDD
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Figure 3a – DMRS and R0 RE locations (TDD normal CP)

Figure 3a shows mapping of DMRS REs and R0 REs for TDD normal CP.  In Rel8, one design constraint for TDD was that PSS is mapped in DwPTS of special subframes. Assuming the same constraint for Rel11 and, based on the design considerations mentioned above, the best choice for PSS and SSS mapping for normal CP is {SSS in symbol 3 of slots 1&11, PSS in symbol 1 of subframes 1&6}. For extended CP, since symbol 3 of slots 1&11 is occupied, SSS can be mapped to symbol 2 of slots 1&11. 
Another option for TDD is to map SSS in symbol 2 for both normal and extended CP.  However, this option is not preferred since it can degrade SSS detection performance for normal CP. Yet another option for TDD is to place both PSS and SSS within the special subframe (symbols 0 and 1 in SF 1 and 6) and have a restriction that special sub frame is not configured with the NCT RS that was agreed in RAN1#68bis. This option is not preferred since it reduces the flexibility of configuring the NCT RS. 

Proposal 2: For the new carrier type supporting frame structure type 2 and normal CP, SSS is mapped to symbol 3 of slots 1&11and, PSS is mapped to symbol 1 of subframes 1&6. For the new carrier type supporting frame structure type 2 and extended CP, SSS is mapped to symbol 2 of slots 1&11and, PSS is mapped to symbol 1 of subframes 1&6.
3   Conclusions
In this document we discuss various options for PSS and SSS mapping in NCT. Based on the following design considerations, 

1.  PSS/SSS RE locations should not collide with Rel10 DMRS RE locations 

2.  PSS/SS RE locations should not collide with Rel8/9/10 R0 RE locations (This constraint ensures full flexibility for configuring the NCT RS pattern agreed in RAN1#68bis) 

3. PSS and SSS should be placed as closely as possible in time domain (Since the UE is allowed to use PSS channel estimates for SSS detection, this constraint helps in keeping SSS detection performance close to Rel8/9/10)

we propose that
· Proposal 1: For the new carrier type supporting frame structure type 1, in slots where PSS and SSS are present, SSS is mapped to symbol 1 and PSS is mapped to symbol 2.
· Proposal 2: For the new carrier type supporting frame structure type 2 and normal CP, SSS is mapped to symbol 3 of slots 1&11, PSS is mapped to symbol 1 of subframes 1&6. For the new carrier type supporting frame structure type 2 and extended CP, SSS is mapped to symbol 2 of slots 1&11and, PSS is mapped to symbol 1 of subframes 1&6.
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� By “extended CP “, we refer to extended CP with 15kHz subcarrier spacing. Extended CP with 7.5kHz subcarrier spacing is not considered in this document. 
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