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1
Introduction
In Rel-11, some design details on the new carrier type were discussed. In this document we address the aspects related to PSS/SSS design for the new carrier type in Rel-12. 
2
Discussion
In RAN1#68 and RAN1#68bis, the following was agreed:

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

· For non-synchronized new carriers, Rel-8 PSS/SSS sequences are transmitted

Regarding the time-frequency location of PSS/SSS, the following potential motivations were mentioned for changing the time/frequency location relative to Rel-8:

· Preventing acquisition of a new carrier

· ICIC

· DM-RS avoidance in central 6 PRBs
One purpose of a new time and/or frequency location of PSS/SSS is to save the legacy UEs from spending resources on any subsequent procedures after PSS/SSS acquisition (and before being barred from further camping on the new carrier type at a later stage). However, as long as a UE is able to decode the new PSS (e.g., if the new PSS is identical to the old PSS except a certain symbol offset), depending on implementation, the UE may still claim a successful SSS decoding even under a new SSS location. As a result, early barring legacy UEs via a new time location of PSS/SSS may not be effective. As concluded in RAN1#68bis, there was no consensus on the need to introduce physical layer mechanisms to prevent legacy UEs acquiring new carriers. 
The second motivation (ICIC) is not justified either. Note that the frequency location of Rel-8 PSS/SSS makes it possible for the UE to acquire PSS/SSS prior to knowledge about system bandwidth. Such property should be kept. For enhanced inter-cell interference coordination in heterogeneous networks, improved cell detection is already supported for large bias in Rel-11. In addition, in order to have efficient inter-cell interference coordination for PSS/SSS, a large reuse factor has to be designed. In this case, a UE has to perform cell detection using a large number of hypotheses, resulting in significantly increased implementation complexity and cell detection latency. 
In RAN1#69, three alternatives in PSS/SSS design considering collisions between PSS/SSS and DM-RS were discussed, namely:

· Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS

· 1a: keeping Rel-8 relative locations of PSS/SSS

· 1b: change relative locations of PSS/SSS

· Alt 2: Change the DM-RS pattern on NCT (i.e. in all subframes) to give better performance for PDSCH demodulation in the absence of a legacy control region (and thereby also avoiding collisions with PSS/SSS)
· Alt 3: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 3a: Puncture DM-RS 

· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS
Alt 1 involves moving PSS/SSS to a different location in order to avoid collision with DM-RS in the center 6 RBs in every 5ms. In LTE Rel-8/9/10, the time locations of PSS/SSS relative to each other for FDD and TDD are designed to be different, in order to facilitate early detection of the frame structure type (FDD or TDD). Any change of the time locations of PSS/SSS, different from the current Rel-8/9/10 locations, would result in one additional pair of PSS/SSS relative locations – one for FDD and the other for TDD. As a result, if new time location of PSS/SSS is introduced for the new carrier type, a Rel-11 UE may need to handle 4 possible sets of PSS/SSS relative locations. However, this can be alleviated by the following.  A UE can always search for the legacy locations and attach to a cell that transmits the legacy PSS/SSS. Then the UE would receive a channel list that would explicitly identify the channels on which the UE would perform search assuming the new locations only.  The channel list could also include FDD / TDD info, CP type, etc. 
On the other hand, a new time location of PSS/SSS makes it much more difficult to integrate legacy carrier type and new carrier type in the same or adjacent coverage areas using the same carrier frequency. Even if the same relative location is used (as in Alt 1a), the relative position between PSS/SSS and the reference signals (e.g., CRS) would be different between the legacy carrier type and  the new carrier type, making it difficult for the UE to perform necessary measurement without the knowledge of the carrier type. Good integration of legacy carrier type and new carrier type is necessary to ensure smooth and gradual transition between the two carrier types in deployments.
As a result, Alt 1 is not preferred.

Alt 2 involves a new DM-RS pattern design for the new carrier type. However, there are very limited “new” locations that the new DM-RS pattern may be placed. Symbol 0 and symbol 4 contains 1-port CRS, not ideal for DM-RS. Symbols 1-3 in the first slot may be a candidate for placing some DM-RS REs in the NCT, but this new DM-RS may collide with the control region of a neighboring cell of legacy carrier type, making it difficult for interference estimation. In a special subframe in TDD, this new pattern would also collide with the SSS transmission, which is located in the 3rd OFDM symbol in the special subframe. Symbols 1-3 in the second slot may collide with CSI-RS and PBCH. More importantly, a Rel-12 UE would have support the new DM-RS pattern (which may have one or more new DM-RS patterns, depending on the subframe type – e.g., special subframe vs. normal subframe – and/or CP type), in additional to the existing DM-RS patterns, causing additional standardization and implementation complexity. Considering the fact that the collision between DM-RS and PSS/SSS only occurs in every 5ms in the center 6 RBs. It is thus questionable whether Alt 2 is necessary.
Therefore, it is preferable to keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. For the case when PSS/SSS and DM-RS collide in the center 6 RBs in every 5ms, although punctured DM-RS pattern is one possible design alternative, for simplicity, the collision case can be explicitly prohibited as in Rel-11.
3
Conclusions 

In this document, we discussed the issue of PSS/SSS for the new carrier type. Significant changes to the current Rel-8 PSS/SSS design are not preferable, especially considering the need for good integration of legacy carrier type and new carrier type using the same carrier frequency. As a result, the same Rel-8 frequency and time location of PSS/SSS should be used for the new carrier type at least for the non-synchronization case. In addition, Rel-10 DM-RS pattern should be kept. For the case when PSS/SSS and DM-RS collide in the center 6 RBs in every 5ms, although punctured DM-RS pattern is one possible design alternative, for simplicity, the collision case can be explicitly prohibited as in Rel-11.
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