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1 Introduction
As per the current agreements carried over from Rel-11 work [1], Rel-8 PSS/SSS will be transmitted on the new carrier. The new carrier type will carry one RS port in one out of every five subframes and it will not carry Rel-8 CRS. Also, the RS port will not be used for demodulation [2]. Therefore, the new carrier type will be using UE-specific RS for demodulation. On the legacy carrier, the UE-specific RS are not transmitted in subframe 0 and subframe 5 in the central 6 RBs since the PSS/SSS transmitted in these RBs overlap with the UE-specific RS locations. On the new carrier, not transmitting the UE-specific RS will preclude the use of these RBs for transmission of useful data.
In RAN1 #72bis, it was decided to not consider new DM-RS patterns to avoid the collision between PSS/SSS and the DM-RS in the central 6 PRBs in subframe 0 and 5 [3]. Two alternatives were listed for further discussion as follows. 
1) Shift the PSS and SSS. These may be further subdivided as
a. New relative location between PSS and SSS
b. Same relative location, but different absolute locations
2) Puncture DM-RS (do not shift PSS/SSS at least for the motivation of avoiding collisions with DM-RS)
These alternatives will be referred to as alternative 1a, 1b and 2 in the remainder of the document. 

In this contribution, we discuss PSS/SSS structure on the new carrier and its impact for both legacy and Rel-12 UEs. The two alternatives being considered and the motivations and consequences of each are discussed. 
2 Discussion
This section discusses the impacts to various key functionalities that arise with the use of the same or different PSS/SSS locations in the legacy carrier and the new carrier.
2.1 Use of central 6 PRBs in SF0 and SF5 for the new carrier
On the new carrier type, the DM-RS are the only reference signal used for demodulation. Alternative 2 proposes to puncture the DM-RS pattern so that only the DM-RS in the second slot are used in subframe 0 and 5. This will result in performance degradation with even a small degree of mobility. Therefore, the use of an RB that contains the PSS/SSS for data transmission will be severely limited. While it has been suggested that eNBs can simply schedule lower mobility UEs in these subframes, the level of mobility of the UE may not always be known very well at the eNB scheduler. Thus, this solution can lead to a lack of robustness in the system.
Moving the PSS/SSS on the new carrier to a different location (Alternative 1) can avoid this problem and ensure the availability of all DM-RS symbols thus facilitating the same level of performance in the central 6 PRBs in subframes 0 and 5 as in other PRBs and/or subframes.

2.2 Carrier type identification for Rel-12 UEs
A key function performed by the UE during cell acquisition of a legacy carrier is the determination of the duplexing mode, i.e., FDD or TDD. The duplexing mode is determined easily since the spacing between the PSS and the SSS are different for FDD and TDD. This also allows determination of the band the UE is accessing. For Rel-12 UEs, it is also essential that they are able to determine the type of the carrier so that they may be able to receive information on the carrier properly. As in the case of differentiating between FDD and TDD, the legacy and new carriers can be identified by adopting different PSS/SSS sequences and/or locations. However, it has already been agreed to use the same PSS/SSS sequences as the legacy carrier. Therefore, differentiation at this level can only be achieved through the use of new locations for the PSS/SSS.
In Alternative 1a, the relative locations are chosen to be different from Rel-8. In this case, the UE searches for all possibilities of PSS and SSS locations to derive the cell ID. Therefore, determination of carrier type and duplexing mode may be accomplished directly from the initial cell ID detection process. In Alternative 1b, the relative locations of the PSS and SSS remain the same as in Rel-8, but the pair of OFDM symbols is located elsewhere in the subframe. In this case, the UE does not derive the carrier type during determination of cell ID. The carrier type is determined by the relative location of CRS port 0 in subframe 0 and 5, or equivalently the subframe boundary, compared to the location of the PSS/SSS. 
If new locations are not adopted (Alternative 2), then the carrier type would need to be determined by other means. One possibility is for the location or format of the PBCH to be modified in the case of a standalone new carrier (referred to as EPBCH). The carrier type could also be signalled in the MIB, one of the SIBs or through higher layer signalling, but these options would result in unacceptable consequences for legacy carriers as discussed in Section 2.4 and are therefore not considered. When the new carrier is configured without standalone operation, there would be no PBCH or EPBCH and thus a Rel-12 UE would need some signalling from the PCell to determine the carrier type. Carrier type could be determined based on differences in the CRS structure, albeit with higher complexity.
2.3 Cell acquisition and RRM measurements in synchronized heterogeneous networks

In a heterogeneous network, higher cell selection offsets (CSO) may be desired to offload traffic from macro cells to small cells thereby potentially increasing the capacity of the whole network. When the network is synchronized and a new carrier and legacy carrier are deployed on the same frequency, the PSS/SSS from the macro can interfere with the PSS/SSS on the small cell. If the small cell needs to be connected to with a high cell selection offset, it must first be detected in a very low SIR environment. In this situation, due to the constancy of the interfering signal, averaging across multiple instances of the desired PSS/SSS does not improve immunity to the interference. Detection may be achieved, at least partly, using interference cancellation (IC), although the complexity of doing this depends on the number of PSS/SSS sequences that must be cancelled. For lower complexity UEs or in some environments with many interferers, the alignment of the PSS/SSS from the macro and the small cell can pose problems for cell acquisition. 
This may be solved by moving the PSS/SSS on the carrier to a different location. However, this does not solve the problem for the case where both the macro and the small cell are using the legacy carrier or the new carrier. One possible solution for this case is to adopt multiple possibilities for the PSS/SSS locations for a given carrier type and duplexing mode. For instance, two different locations could be used, one for the macro layer and one for the small cell layer. The cell IDs could be partitioned so that each cell ID corresponds to one or the other location as in the case of CRS shifts.
It should be noted that in synchronized deployments, having the PSS/SSS on different locations for different cells/carrier types can cause interference between PDSCH and the PSS/SSS. However, this is generally the case in an unsynchronized deployment although the detrimental effects of such interference for a UE connected to a small cell with a high CSO may be worse than in a homogeneous network.
2.4 Impacts to legacy UEs
Since the new carrier type is not backward compatible, it is essential that legacy UEs do not connect to the new carrier during cell acquisition. In the following, we consider the impact of each of the alternatives on legacy UEs.

Alternative 1a: Legacy UEs will not be able to detect a new carrier type cell ID and will not be able to use the new carrier. Impact on synchronization times for legacy UEs and to UE complexity would be minimal. Impact to RRM measurements would also be minimal.
Alternative 1b: Legacy UEs will likely fail to detect any CRS and therefore be unable to operate on the legacy carrier. There could be some impact on synchronization times to legacy carriers depending on how long it takes for the UE to discard the cell ID due to lack of CRS detection. It may be noted that these aspects may be somewhat dependent on UE implementation and hence the impact on legacy UEs may not be completely known. Legacy UEs trying to make RRM measurements on the new carrier will generate highly inaccurate measurements since the CRS would not be in the expected locations. This would not be a problem as long as the UE discards these measurements or the network recognizes that the cell ID for which a measurement was reported is a new carrier. 
Alternative 2: Legacy UEs will fail to obtain system information from the PBCH during acquisition and will be unable to use the carrier. This option may cause larger delays to legacy UE initial synchronization procedures since the UE may spend 40 ms to try and decode PBCH for each NCT that it encounters before discarding the cell ID. If the legacy UE detects multiple NCT cells before detecting a legacy carrier, then the time taken for these failed PBCH attempts can multiply. Behaviour of legacy UEs making measurements on the carrier (where receiving system information on the carrier is not essential) may also be uncertain. If UEs use more than one subframe of CRS to generate RSRP and RSRQ measurements, then they may generate very bad quality measurements on the new carrier. The risk of such behaviour can be managed if the new carrier and legacy carrier are not deployed on the same frequency and if the legacy UE is directed to never make measurements on the new carrier. This could however limit deployment options with the new carrier.

3 Solutions
Table 1 summarizes the advantages and disadvantages of various options for PSS/SSS locations on the new carrier discussed in the previous section. The UE-specific RS are more important on the new carrier as compared to the legacy carrier since all demodulation on the new carrier will be done using the UE-specific RS. This includes all control information that is transmitted using the EPDCCH. Therefore, demodulation performance based on the UE-specific RS is critically important. Puncturing the UE-specific RS or forbidding transmissions in RBs where PSS/SSS are transmitted can lead to a potentially large degradation in performance in the central 6 RBs or to a complete loss of useful transmissions in these RBs.
Modifying the PSS/SSS locations within a subframe will not affect cell detection performance or synchronization performance significantly. Considering the advantages and disadvantages captured in Table 1, moving the PSS/SSS to a new location is the best option. Keeping the same relative spacing yields the lowest complexity for acquisition. Hence, it would be good to have the same relative spacing for FDD and TDD. Different absolute locations in the frame for FDD and TDD for the new carrier can ensure distinguishability between the two duplexing modes. Alternately, if alignment between FDD and TDD is desired, the locations can be the same for TDD and FDD and the duplexing mode can be sent as part of the system information. If dynamic TDD improvements on the new carrier with a UL heavy configuration (1 DL, 4 UL) are desired, the PSS/SSS can also be located in subframes 0 and 5 for TDD [4]. If a more UL heavy configuration is not adopted, the PSS can be in subframes 1 and 6 as in the legacy carrier but in a different position. The SSS could also be moved to the same subframe as the PSS. A possible set of locations for normal subframes for FDD that minimizes search complexity is shown in Figure 1. In light of the above discussion, we propose the following.

Proposal: 

· The PSS/SSS should be placed in a different location on the new carrier type compared to the legacy carrier type. 

· Study further if there is a need to have multiple possible locations for the PSS/SSS within the NCT to support high CSO in heterogeneous networks.

Table 1: Advantages and disadvantages of various options for the PSS/SSS locations
	PSS/SSS options
	Advantages
	Disadvantages

	Alternative 1a: Different relative locations
	No DM-RS, PSS/SSS conflict for new carrier
Earliest carrier type identification

No issues with legacy UE behaviour
	Potentially higher initial acquisition complexity for Rel-12 UEs
PSS/SSS to PDSCH interference in 6 central PRBs with mixed carrier type synchronized deployments

	Alternative 1b: Same relative locations, different absolute locations
	No DM-RS, PSS/SSS conflict for new carrier
Early carrier type identification
Re-use of legacy implementations for detection of cells (lower complexity) 
	PSS/SSS to PDSCH interference in 6 central PRBs with mixed carrier type synchronized deployments

Potential delays in initial synchronization for legacy UEs



	Alternative 2: Same locations as legacy
	No additional search complexity

No PSS/SSS to PDSCH interference in 6 central PRBs with mixed carrier type synchronized deployments
	DM-RS, PSS/SSS conflict for new carrier

Potentially large delays in initial synchronization (depends on number of new carriers encountered) for legacy UEs
Uncertain legacy UE behaviour for RRM measurements.
High CSO in heterogeneous networks needs IC for RRM in mixed carrier type synchronized deployments. (CONNECTED MODE)
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Figure 1: Possible PSS/SSS locations on the new carrier type for FDD
4 Conclusions

Some options for the positions of the PSS/SSS on the new carrier type were discussed. Advantages and disadvantages of various options were tabulated and the following was proposed.
Proposal: 
· The PSS/SSS should be placed in a different location on the new carrier type compared to the legacy carrier type. 
· Study further if there is a need to have multiple possible locations for the PSS/SSS within the NCT to support high CSO in heterogeneous networks.
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