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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]

 REF _Ref300332229 \r \h 
[2] and at RAN1 meeting #66bis, a working assumption was agreed to introduce a new carrier type in Rel.11. 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] and some of these design options were discussed in further detail in [5] including CRS-free operation on the additional carrier. 

Maintaining time and frequency synchronization is one of the functions facilitated by the CRS. It was identified in [5] that the main carrier aggregation scenarios requiring synchronization performed on the additional carrier were when the primary and additional carrier are not synchronized in frequency or are not transmitted from the same site. Options for supporting these functions in the absence of the CRS were also discussed in [5]. This paper presents some evaluations of this option. Specifically, the use of PSS/SSS and/or CSI-RS as a potential reference for time and frequency synchronization maintenance on the additional carrier is evaluated. 
2 Performance

The patterns discussed in [5] that are evaluated in addition to the PSS/SSS and CRS are shown once again in the figure below for convenience.
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Figure 1: A combined PSS/SSS and CSI-RS pattern or a dual CSI-RS pattern for synchronization

Since the CRS occurs in four separate OFDM symbols in every subframe, the CRS form a fairly dense pattern in both time and in frequency. This property of the CRS ensures that they are well suited to maintaining time and frequency synchronization. The PSS/SSS signals occur once every 5 ms and span only 6 RBs in frequency. The PSS/SSS and CSI-RS combination can also occur once every 5 ms with appropriate configuration of the CSI-RS. The frequency of the dual CSI-RS pattern may also be configurable.
Synchronization performance for all four patterns shown was evaluated via simulations in an EVA channel environment. The parameters used for the simulation are shown in Table 1. The detector used was a time-frequency correlator that performs a correlation over 1 subframe and combines results in a non-coherent manner when multiple subframes are used.
	Parameter
	Value

	Signal bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA

	Vehicular speed
	100 km/hr (+/-180 Hz Doppler spread) 

	Initial frequency uncertainty
	+/- 500 Hz

	Initial time uncertainty window
	2.35 μs

	Measurement duty cycle
	1 subframe in every 5 ms frame

	Detector type
	Time-frequency correlator over 1 subframe

	Number of measured subframes
	Upto 8

	Signals used
	(1) PSS/SSS 

(2) Dual CSI-RS 

(3) CRS


Table 1: Simulation parameters
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Figure 4: Frequency synchronization performance using PSS/SSS, PSS/SSS+CSI-RS, dual CSI-RS and CRS patterns using 2 slots and 8 slots of measurements.
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Figure 5: Time synchronization performance using PSS/SSS, PSS/SSS+CSI-RS, dual CSI-RS and CRS patterns using 2 slots and 8 slots of measurements.
Time and frequency synchronization performance for the four signals are shown in Figure 4.  REF _Ref308038548 \h 
The figures show that the performance using PSS/SSS is reasonable for timing purposes but suffers a significant degradation for frequency synchronization. The dual CSI-RS yields performance comparable with that obtained using CRS. The figures above target fine time and frequency acquisition on an additional carrier after initial acquisition on a primary legacy carrier. Performance at a low SNR point of -8 dB is shown. Figure 6 show synchronization performance for a different scenario. Here, the UE has an SNR of 10 dB and is already connected to an eNB with the CRS, PSS/SSS+CSI-RS or dual CSI-RS signals only being used to maintain synchronization. The figures focus on frequency synchronization since time estimation error is expected to be limited to a small fraction of the cyclic prefix based on the above performance figures. The initial frequency uncertainty is reduced to +/- 150 Hz. The vehicle speed considered is 15 km/hr. All other parameters remain the same. The figures show that frequency synchronization maintenance can be achieved with a reasonably high degree of accuracy.
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Figure 6: Frequency synchronization based on PSS/SSS, PSS/SSS+CSI-RS, dual CSI-RS and CRS for a high SNR low initial uncertainty scenario with 2 slots and 8 slots of measurements.

3 Conclusions

The performance of time and frequency synchronization in the absence of CRS was discussed. Performance based on the PSS/SSS+CSI-RS and dual CSI-RS patterns considered in [5] was evaluated. Based on this we conclude that

· It is feasible to maintain time and frequency synchronization on the additional carrier without the CRS

· The use of PSS/SSS and/or CSI-RS signals to substitute for the CRS for synchronization purposes is a possibility.

· The particular combination of CSI-RS and/or PSS/SSS signals to be used should be studied further.
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