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1
Introduction
The issue of PSS/SSS location was one of the New Carrier Type related topic where final conclusions were not reached during Rel-11 NCT work. The Rel-11 discussions can be summarized as follows:

For the cell acquisition/detection on NCT, the agreements in RAN1#68 [1] was

· 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
For un-synchronized NCT it was further agreed in RAN1#68bis [2] that

· The working assumption is agreed: Rel-8 PSS/SSS sequences are transmitted.

· Potential motivations for changing the time-frequency location relative to REl-8:
· preventing the acquisition of a new carrier

· ICIC

· DM-RS avoidance in central 6 PRBs
In RAN1#69 [3] it was further agreed that:

· The existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a)

Furthermore, regarding the PSS/SSS timing and the handling the collisions between PSS/SSS and DM RS, the following alternatives were identified:
· 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 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
In this contribution, we will provide our views on PSS/SSS location and PSS/SSS to DM-RS collision handling on un-synchronized NCT.

2
Accessibility to legacy UEs
If no physical layer mechanism is introduced, legacy UEs will be able to detect/acquire the cell on NCT and may try to select/reselect to an NCT cell. There are concerns on whether this will cause some confusion to legacy UEs and degrade legacy UEs’ performance in cell selection/reselection.
If PSS/SSS of an NCT cell is non-visible to legacy UEs, legacy UEs will not select/reselect to that cell, or measure that cell for RRM. This can be seen as a clean solution for legacy UEs, and it also enables Rel-12 UEs to differentiate NCT from legacy carrier by PSS/SSS detection.

On the other hand, from the discussions during RAN1#68bis, it is basically clear that there will be no un-specified error case even if legacy UEs can detect/acquire the NCT cell, since the UE behaviour when essential information is missing is already specified in [4] and some higher layer signalling can also help to prevent legacy UEs from measuring or reselecting to the NCT cell. 

Observation: The existing higher layer mechanisms are sufficient to handle legacy UEs’ access to NCT cell, and whether PSS/SSS on NCT cell is visible to legacy UEs is not an important issue. Preventing legacy UEs from detecting/acquiring NCT cell should not be the main driver for new PSS/SSS locations on NCT.
3
DM-RS collision in central 6-PRB
The problem of collision between DM-RS and PSS/SSS was extensively discussed in RAN1#69, and several alternatives were identified. In this section, we will discuss the pros and cons of different alternatives and give our preference based on the analysis.

Comparison between Alt 1 and Alt 3
· Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS  
· Alt 3: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations
The benefit of Alt1 is that DM-RS based demodulation can be performed, and the DM-RS pattern in the PRBs where PSS/SSS is present is exactly same as that in other PRBs, which means there will be a single UE implementation for DM-RS based demodulation as well as a single performance requirement. Also the UE implementation will not be much complicated due to the change of PSS/SSS location, since the Rel-8 PSS/SSS detection procedure can be re-used to a large extent.
The concern with Alt 1 is mainly on the impacts on the standard, which are considered to be larger than those caused by Alt 3. In our view, however, specifying new PSS/SSS locations for NCT will introduce very limited specification changes as long as the separation between PSS and SSS is not increased beyond Rel-8 (maximum 2-symbol).
The standard impacts with Alt 3 is rather small as the PSS/SSS location is kept exactly same as in Rel-8, and the DM-RS is also not changed (DM-RS puncturing as Alt 3b is not seen as new DM-RS design).
However, the UE implementation and/or performance will be heavily impacted. Alt 3a suggests completely disabling PDSCH/EPDCCH transmission in the PRBs where PSS/SSS is present, and we think this may cause non-negligible performance degradation, especially for TDD or small bandwidth system. Alt 3b suggests performing demodulation with punctured DM-RS. In Figure 1 we have shown the current and punctured DM-RS patterns for normal and special subframe in FDD and TDD, respectively. It can be seen the punctured DM-RS pattern is not favourable for channel estimation in most of the cases, so the demodulation performance should be carefully studied (which adds standard efforts). The handling of the punctured DM-RS will also make the UE implementation more complex. An additional problem is also identified with the new special subframe configuration 9, for which it is difficult to make any further puncturing.
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Figure 1: The current and punctured DM-RS patterns
Observation: Alt 1 is preferable compared with Alt 3, considering the standard efforts, UE implementation complexity and the PDSCH transmission performance.

Comparison between Alt 1a and Alt 1b
· 1a: keeping Rel-8 relative locations of PSS/SSS: 
· 1b: change relative locations of PSS/SSS
Alt 1a suggests that the relative PSS and SSS location is same as in Rel-8. We find that for FDD a suitable placement for PSS/SSS can be found so that the collision with DM-RS and CRS is avoided; however, for TDD it is difficult to find such placement (with 2-symbol separation). This means Alt 1a cannot be a common solution for FDD and TDD, and Alt 1b is the only valid solution at least for TDD.
The main concern with Alt 1b (compared with Alt 1a) is one additional hypothesis of SSS location, so UE needs to blindly detect the SSS location after it detects PSS, which can cause extra power consumption during the RRM measurement. However, in our view, UE should typically have some prior knowledge about which type of cells it is going to measure (FDD or TDD, NCT or legacy); furthermore, if seen as needed, some higher layer signalling can be introduced so that UE can be configured to perform RRM measurement for one type of cells. Even with same relative PSS/SSS location (as in Alt 1a), there will still be similar extra power consumption as the UE needs to blindly detect the CRS position.
Observation: Alt 1b is preferable compared with Alt 1a, considering the commonality between FDD and TDD design, and also the fact that Alt 1a has no obvious advantage over Alt 1b.
Proposal 1: Alt 1b is used to handle the collision between DM-RS and PSS/SSS on NCT. 

Detailed PSS/SSS locations
From the TDD perspective, CRS port 0 with 5 ms periodicity should be transmitted in subframe#0/5 to maintain good time-frequency tracking performance. As there are no CRS in TDD special subframe, the PSS/SSS can be moved to symbol#0/1 in DwPTS as shown in Figure 2(a). Furthermore, to enable UEs to differentiate between FDD and TDD by SSS detection on NCT (as in Rel-8 design), it is better to have different separations between PSS and SSS for FDD and TDD. PSS or SSS can be moved to symbol#1 (the other one kept in symbol#3) as shown in Figure 2(b), considering that port 2/3 are not going to be present on NCT.
Our preferred proposal is shown in Figure 2, and it can enable different PSS/SSS locations for FDD and TDD, and for legacy carrier and NCT. The key points are:
· In PRBs where PSS/SSS is present, location for PSS/SSS and also the relative location between PSS and SSS are changed. PDSCH can be demodulated with DM-RS port 7-14 as in Rel-10.
· It is preferred to enable different locations for PSS/SSS for FDD and TDD, legacy carrier and NCT, and the proposed new locations are shown in Figure 2. 
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Figure 2: Proposed PSS/SSS locations for TDD (a) and FDD (b)
Based on the discussion we make the following proposals regarding the placement of the PSS/SSS on NCT:
Proposal 2: FDD NCT: PSS in symbol#1 of slot#0, SSS in symbol#3 of slot#0.
Proposal 3: TDD NCT: PSS in symbol#0 of slot#2, SSS in symbol#1 of slot#2.
4
Conclusion
In this paper we provide our views on the PSS/SSS location on NCT. Regarding the alternatives identified in RAN1#69, following observations and proposal are made.
Observation: The existing higher layer mechanisms are sufficient to handle legacy UEs’ access to NCT cell, and whether PSS/SSS on NCT cell is visible to legacy UEs is not an important issue. Preventing legacy UEs from acquiring/detecting NCT cells should not be the main driver for new PSS/SSS locations on NCT.
Observation: Alt 1 is preferable compared with Alt 3, considering the standard efforts, UE implementation complexity and the PDSCH transmission performance.
Observation: Alt 1b is preferable compared with Alt 1a, considering the commonality between FDD and TDD design, and also the fact that Alt 1a has no obvious advantage over Alt 1b.
Proposal 1: Alt 1b is used to handle the collision between DM-RS and PSS/SSS on NCT. 
Furthermore, regarding the placement of PSS/SSS we make the following proposals: 
Proposal 2: FDD NCT: PSS in symbol#1 of slot#0, SSS in symbol#3 of slot#0.
Proposal 3: TDD NCT: PSS in symbol#0 of slot#2, SSS in symbol#1 of slot#2.
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