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1 Introduction
A work item for carrier aggregation enhancements for LTE Release 11 has been approved and updated in RAN #51 and #52 respectively [1][2]. One of the objectives of the work item is the study of additional carrier types including non-backwards compatible elements for Carrier Aggregation. Some design objectives and enhancements that may be addressed through additional carrier types were discussed in [3]. Specifically, energy efficiency, flexible spectrum usage, heterogeneous network deployments and machine type communications were identified as key goals. Some design principles that may help address these goals were discussed in [4] including CRS-free operation on the additional carrier. Maintaining time and frequency synchronization is one of the functions facilitated by the CRS. This paper discusses the impact of removing the CRS on time and frequency maintenance in various carrier aggregation scenarios. The use of PSS/SSS as a potential reference for time and frequency synchronization maintenance on the additional carrier is discussed. 
2 Synchronization in carrier aggregated scenarios

Carrier aggregation scenarios for synchronization purposes can be classified into three broad cases.
1. The aggregated carriers are co-located and are accurately synchronized in time and frequency

2. The aggregated carriers are not co-located but accurately synchronized in time and frequency

3. The aggregated carriers are not accurately synchronized in frequency

In the first case, initial time and frequency synchronization can be done based on the PSS/SSS and CRS signals on the primary carrier. The changes in frequency due to Doppler will be the same on the primary and secondary carrier since their transmitters are co-located. Thus, maintaining synchronization on the primary carrier is enough. 
The main difference in the second case as compared to the first is that the delay Doppler profile of the channel may be different on the primary and secondary carriers since they are being transmitted from different locations. If the transmit timing of the aggregated carriers is synchronized, the time of reception at the UE could be different depending on the difference in the propagation delay between the PCell eNB-UE and the SCell eNB-UE link. For example, a difference of 500 meters could results in a receive time difference of 1.67 microseconds. The difference in Doppler profiles between the two links may also cause differences in the frequencies at which the aggregated carriers are received at the UE. The magnitude of the difference is related to the degree of UE mobility. For example at 2 GHz, a vehicular speed of 50 km/hr can lead to a Doppler difference of 185 Hz in the worst case. This implies that tracking only the primary carrier may cause a frequency error of up to 185 Hz on the secondary carrier.
In the third case, where aggregated carriers are not accurately synchronized in frequency, a mechanism to maintain synchronization using signals on the additional carrier is clearly required.
3 Synchronization maintenance without CRS
Legacy UEs use the PSS/SSS for cell search and obtaining frame timing while the CRS are used for channel estimation, mobility measurements and for updating its time and frequency reference. The motivations to not use the CRS on an additional carrier were discussed in ‎[3] and [4] and an effect on maintaining time and frequency synchronization was identified as one of the resulting impacts to UE operation. The PSS/SSS could be used as a potential reference for maintaining synchronization on additional carriers, when needed, in the absence of the CRS.

The LTE timing requirements must be met even with the lowest bandwidth of 6 RBs. In this case, the CRS has the same bandwidth as the PSS/SSS. In addition, the PSS/SSS is a denser signal in frequency. Therefore, we may expect that the performance of time synchronization based on PSS/SSS should be able to meet LTE timing requirements. 

Frequency synchronization performance is dependent on the signal properties in the time axis. Since the CRS occurs in four separate OFDM symbols in every subframe, the CRS form a fairly dense pattern in time. This property of the CRS ensures that they are well suited to maintaining frequency synchronization. However, the PSS/SSS signals occur only once every 5 ms. We may therefore expect the performance of frequency synchronization based on the PSS/SSS to be impacted. The extent of the frequency synchronization performance difference between the PSS/SSS and the CRS needs further study. 
4 Conclusion
The performance of time and frequency synchronization based on PSS/SSS in the absence of CSI-RS was discussed. Based on this we conclude that

· Time synchronization tracking is likely adequate without utilizing CRS and there is no performance difference if the CRS is used or not.

· It needs to be studied further in RAN1 whether frequency tracking performance based on PSS/SSS is adequate without utilizing CRS. 
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