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1 Introduction

In the RAN1 #68bis meeting, the issue for PSS/SSS and DMRS collision was discussed for the new carrier type (NCT) [1]. This issue is handled in Rel-10 by not transmitting the PDSCH on a PRB pair for which at least one PRB of the PRB pair overlaps with the PSS/SSS. The situation difference from Rel-10 is that, the reduced CRS on the NCT is not used for demodulation. In Rel-11, due to limited time, the agreement is to puncture the DMRS which collides with the PSS/SSS [2]. In this contribution, the collision issue is reconsidered. 
2 Discussion for PSS/SSS and DMRS collision
To handle the collision issue, generally, there are three methods which can be considered: 
Method 1: Puncture DMRS

Method 2: Move DMRS location

Method 3: Move PSS/SSS location

In the following sub-sections, each method is analyzed. Other methods or the combinations of the three methods are also not precluded. 
2.1 Puncture DMRS
If the DMRS is punctured when colliding with PSS/SSS, the demodulation performance of the PDSCH in the central six resource blocks would be degraded every five subframes, since only one slot contains the DMRS in the collision subframes and the reduced CRS on the NCT is not used for demodulation. The performance loss is typically very small for large carrier bandwidths, e.g., a 20 MHz NCT. However, the loss is obvious for small carrier bandwidths, e.g., a 1.4 MHz NCT. Moreover, the loss would be comparatively larger for TDD due to less DL subframes. One should consider whether such performance loss can be acceptable on the NCT. 
Observation 1: Puncturing DMRS would degrade the demodulation performance of the PDSCH in the central six resource blocks every five subframes, especially for small NCT bandwidths and TDD systems. 
2.2 Move DMRS location
One alternative is to move the DMRS location to solve the collision issue. Another motivation for moving DMRS location on the NCT is to optimize the demodulation performance [3]. Specifically, if no legacy control region exists on the NCT at least in the subframes where the UE decodes ePDCCH, the DMRS can be moved to the slot center, considering that DMRS is currently located at last two symbols of a slot. One example for the new DMRS location is illustrated in Figure 1, where the existing DMRS pattern of a TDD special subframe configuration is reused. Note that other DMRS patterns are not precluded at this stage. After the new DMRS pattern is decided, we can see whether the collision issue is solved, and if not, then other methods can be additionally considered. Hence, supplementary new DMRS patterns (or reuse of existing patterns) may involve aspects of demodulation performance as well as potential positions of other signals, e.g., the reduced CRS, PSS/SSS and CSI-RS.  
Observation 2: New DMRS pattern can potentially provide demodulation performance gain on the NCT and potential position change of other signals needs to be considered.
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Figure 1. New DMRS pattern for FDD
2.3 Move PSS/SSS location
Generally, moving PSS/SSS locations contains two options. One is that PSS/SSS location is shifted while no new relation for PSS/SSS locations is introduced. Another one is to introduce new relation for PSS/SSS locations. The new relation here means that the order and/or the inter-spacing between the PSS and SSS mapping symbols differ from those for the original PSS and SSS in Rel-8-11. Specifically, the two options are discussed as following. 
Method 3a: Shift time location of PSS and SSS
As an example of shifting PSS/SSS in FDD systems shown in Figure 2, the PSS/SSS location is shifted to the second and third symbols, which solves the collision issue. This method keeps the PSS/SSS relation, so the same scheme for detecting PSS/SSS in legacy carriers can be reused on the NCT. However, other issues related to NCT identification would occur, which is discussed in detail in section 3. 
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Figure 2. Shift PSS/SSS time locations for FDD

Method 3b: Introduce new relation of PSS and SSS locations
As an example of introducing new relation for PSS/SSS locations in FDD systems shown in Figure 3, the PSS/SSS location is moved to the second and fourth symbols, which can also solve the collision issue. Furthermore, such a new relation for PSS/SSS can directly prevent legacy UEs from measuring, camping and accessing the NCT. 
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Figure 3. New relation for PSS/SSS locations for FDD

However, the complexity for a Rel-12 UE to detect PSS/SSS may grow, since a Rel-12 UE needs to detect four different combinations of PSS/SSS locations, if two additional new PSS/SSS relations are introduced for FDD and TDD, respectively. As specifically analyzed in [4], a major factor to consider is that the cell searcher constitutes a significant part of the baseband processing complexity and UE vendors have likely spent much effort on its implementation. There is an inevitable cost increase if the UE has to be equipped with an additional cell searcher for Rel-12. 
Observation 3: If new relation for PSS/SSS locations is introduced on the NCT, the complexity for the cell searcher needs to be considered.
3 NCT identification

How to choose the method for the PSS/SSS and DMRS collision issue has strong relationship with the NCT identification, which generally can comprise two aspects. One is how to prevent a legacy UE from camping or accessing the NCT, while the other is how to identify the NCT by a Rel-12 UE. In the RAN1 #69 meeting, some considerations related to NCT identification were raised as below [2]. As following, we discuss the two aspects in detail. 
· Should legacy UEs be able to make RRM measurements on NCT?

· Can there be any impact on Rel-11 UEs’ ability to make RRM measurements on legacy carriers? e.g. in case where one SCell is legacy and another SCell is NCT.
Preventing a legacy UE from a NCT

If method 1 or 2 or 3a is adopted where no new relation of PSS/SSS location is introduced, a legacy UE can discover the NCT cell by detecting the PSS and SSS, but it cannot identify the cell as a NCT. This may lead to inaccurate RRM measurement for the legacy UE, since it is not aware that only part of subframes contains CRS on the NCT, or the UE may use the wrong CRS REs for RRM measurement. However, this is not a big issue since the NCT is probably designed for Rel-12 and even future UEs, and the existing high layer schemes, such as cell barring and missing essential system information, can be used to prevent from camping or accessing the NCT [5].
If method 3b is adopted where new relation between the PSS and SSS is introduced, a legacy UE can be directly prevented from discovering a NCT, since the cell searcher is changed on the NCT. 
Identifying a NCT by a Rel-12 UE

NCT identification is essential for a Rel-12 UE. A Rel-12 UE needs to identify the NCT when it does the RRM measurement of the NCT. However, one exception is that, if the PSS/SSS location is not moved, the UE may only use the reduced CRS to do the RRM measurement regardless that the measured cell is a legacy carrier or a NCT. Such an issue also applies to the standalone NCT, which should be taken into account in order to have a common solution for both non-standalone and standalone NCTs to simplify the system design. Specifically, the NCT identification issue is analyzed for each of the three methods as following: 
For method 1 or 2 where the PSS/SSS location is not moved, a Rel-12 UE cannot identify the NCT by detecting the PSS and SSS. Instead, some other means should be provided for the UE to identify a standalone NCT for accessing, e.g., by broadcasting channels, etc. While for RRM measurement, this may not be a big issue if a Rel-12 UE can only use the reduced CRS to do the RRM measurement regardless that the measured cell is a legacy carrier or a NCT. 
For method 3a where PSS/SSS is time shifted, a Rel-12 UE also cannot identify the NCT by detecting the PSS and SSS, and the broadcasting channels or other means can also be used for identify a standalone NCT. Furthermore, for RRM measurement, a Rel-12 UE does not need to decode the broadcasting channels according to the legacy schemes, so in this case the UE would need to blindly detect the CRS to differentiate a legacy carrier and a NCT. One should consider whether the performance for blindly decoding the combinations of PSS/SSS and CRS is acceptable. 
For method 3b where new relation of PSS/SSS location is introduced, it is obvious that a Rel-12 UE can directly use this for identify the NCT during accessing or RRM measurement, but this may bring additional complexity to the cell searcher, since a Rel-12 needs to detect one or two additional relative locations of the PSS and SSS. 

From all the above analysis, we can find that which method is adopted for solving the collision issue has strong relationship with the DMRS demodulation performance, the complexity of cell searcher and the NCT identification, so these aspects should all be taken into account when discussing the collision issue. 
Proposal: DMRS demodulation performance, the complexity of cell searcher and the NCT identification should be taken into account for the method selection for the PSS/SSS and DMRS collision issue.
4 Conclusions
In this contribution, several candidate methods are analyzed for the issue of PSS/SSS and DMRS collision, including puncturing DMRS and moving the location of the DMRS or PSS/SSS. The impacts are identified for all the candidate methods, and the schemes for NCT identification are also discussed which has strong relationship with the method selection to solve collision issue. Finally, we suggest that all the identified impacts should be taken into account before the decision is made. 
Proposal: DMRS demodulation performance, the complexity of cell searcher and the NCT identification should be taken into account for the method selection for the PSS/SSS and DMRS collision issue.
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