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1 Introduction
A work item for carrier aggregation enhancements for LTE Release 11 was approved and updated in RAN #51 and #52 respectively [1]

 REF _Ref300332229 \r \h 
[2] and at RAN1 meeting #66bis, a working assumption was agreed to introduce a new carrier type in Rel-11. In RAN1#68bis, the following agreement was reached regarding reference symbols on the new carrier type [3]:
Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25} RBs
· configurable between full system BW and min(system BW, X)
As per the agreement the new carrier type will carry one RS port (henceforth referred to as the enhanced synchronization signal or the eSS) 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. Therefore, as discussed in [4], 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 overlaps with the UE-specific RS locations. On the new carrier, the lack of UE-specific RS will preclude the use of these RBs for transmission of useful data. This paper discusses some solutions to this problem and proposes suitable alternative locations for the PSS/SSS. 
2 PSS/SSS Locations
This section discusses the issues that arise with using the same PSS/SSS locations used in the legacy carrier on the new carrier. Figure 1 shows the conflict between the legacy PSS/SSS and the DM-RS locations in the 6 central RBs both for FDD and for one of the TDD special subframe configurations. On the legacy carrier, these conflicts are resolved by not transmitting the DM-RS. On the new carrier, the DM-RS are the main reference signal used for demodulation. Therefore, the use of an RB that contains the PSS/SSS for data transmission will be severely limited. 

This situation may be addressed in one of two ways. The first option is to move the DM-RS to a different location. The second option is to move the PSS/SSS to different locations. If the DM-RS locations are to be changed, the first preference would be to use locations that are already in use, for example in special subframes for TDD, in order to reduce implementation complexity and to have predictable channel estimation performance. However, an inspection of the various DM-RS positions used for special subframes reveals that all of them have some conflicts. Most of them conflict with the CSI-RS locations in the second slot. The ones that don’t have a CSI-RS conflict have a conflict with the current PSS/SSS locations. Therefore, the DM-RS would need to be moved to an entirely new location that has not been used so far. Modifying the DM-RS positions must be done with care since such a change will affect the performance of all transmissions on the new carrier. Therefore, such modifications need to be evaluated thoroughly. Such a thorough evaluation is unlikely to be completed in the Rel-11 time frame.


[image: image1]
Figure 1: Conflicts between legacy PSS/SSS locations and DM-RS 
The second option of moving the PSS/SSS only affects the initial cell search and initial synchronization implementation and is thus the option with a lower implementation impact. The effect on cell detection performance with different PSS/SSS locations depends on UE implementation aspects. For initial time synchronization, modifying the PSS/SSS locations within a subframe is unlikely to have a severe effect on performance. In terms of frequency synchronization, depending on UE implementation, there may be a potential improvement possible by moving the PSS/SSS to new locations. The current configuration for the FDD case, where the PSS and SSS occur in adjacent symbols is not very good for frequency estimation since it provides the least resolution in the frequency domain. This was evident from the evaluations that were performed for the eSS signal agreed to in RAN1#68bis [4]. In those evaluations, it was shown that the frequency error estimation performance of the PSS/SSS was relatively much worse than the time estimation performance in comparison with the other signal options that were considered. Given the above, we focus on moving the PSS/SSS locations on the new carrier in order to make the 6 central RBs useable for data transmission on the new carrier type.
3 Proposed New PSS/SSS Locations
 In choosing new locations for the PSS/SSS, the following considerations must be taken into account:
1) Avoidance of conflicts with other signals necessary for operation on the new carrier type

2) Performance for cell detection and initial time and frequency estimation

3) Future-proof design to accommodate potential future modifications

One possible set of locations for the PSS/SSS are shown in Figure 1. For FDD, the PSS has been moved into the second symbol of the second slot and the SSS is moved to the fourth symbol of the first slot. For TDD, the PSS could be moved to the first symbol of the DwPTS and the SSS could be moved to the ninth symbol in the previous subframe. These locations avoid any conflicts with existing reference symbols. Furthermore, these locations leave two consecutive symbols for FDD (more for TDD) empty in the first slot of subframe 0 in case these symbols are necessary for any future use. It is beneficial to leave consecutive symbols empty for this purpose. The location of the SSS is different for FDD and TDD carriers in these proposals. This provides the ability to detect whether the carrier is an FDD or a TDD carrier during the synchronization procedure as is the case with the legacy carrier.

[image: image2]
Figure 2: Proposed PSS/SSS locations for the new carrier

Other options for PSS/SSS locations could be considered as well. For instance, other combinations of the second to fourth symbols and the ninth symbol in the first subframe could be considered for FDD and using both the first two symbols in the DwPTS could be considered for TDD as long as the considerations listed above are taken into account.
4 Conclusions

Some possible new locations for the PSS/SSS were proposed in order to allow the use of DM-RS based transmissions in the 6 central RBs on the new carrier in the subframes where the PSS/SSS are transmitted.
· Proposal: Move the PSS/SSS locations on the new carrier to avoid conflicts with the DM-RS. Adopt one of the proposed locations for the PSS/SSS on the new carrier.
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