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1 Introduction
In RAN1#68, RS used for time and frequency tracking on non-synchronized new carriers was discussed. Multiple options were proposed, without agreement made. 
In RAN1#66bis, the main motivations identified for introducing a new carrier type for carrier aggregation include:
· Enhanced spectral efficiency

· Improved support for hetnet
· Energy efficiency
The design of RS for time/frequency synchronization on new carriers should consider the motivations for introducing new carrier types, the time/frequency tracking performance, and the impact on implementation. In this contribution, we provide our views on the RS for unsynchronized new carriers.
2 Discussion
Generally, it is preferable to maximally reuse the existing RS time-frequency pattern for the RS on new carriers, which can reduce the impact on specification and implementation. Therefore, Rel-8 CRS and Rel-10 CSI-RS should be considered for time/frequency synchronization on new carrier types. Note that time/frequency tracking is based on Rel-8 CRS in the current implementation. To achieve the enhanced spectral efficiency, energy saving, and/or hetnet support of new carrier types, the following modifications for Rel-8 CRS can be considered:

· Method 1: Reducing CRS bandwidth. 
RS is transmitted within a subset of PRBs. Although the spectral efficiency can be enhanced by this method, energy saving cannot be achieved to a large extent, since the RS is still transmitted in each DL subframe. Furthermore, it is difficult to improve the support for hetnet if the DL RS is always transmitted. With the reduced CRS density, the time/frequency tracking performance can be degraded compared to Rel-8.
· Method 2: Extending CRS periodicity. 
RS is transmitted in a subset of DL subframes. For this method, it is possible to achieve all three motivations for introducing new carrier type, i.e. enhanced spectral efficiency by reducing the RS overhead; improved energy efficiency by not transmitting in all DL subframes for lightly load traffics; and flexible support of hetnet by configuring different subsets of DL subframe containing RS in different cells. With the reduced CRS density, the time/frequency tracking performance can be degraded compared to Rel-8.
· Method 3: Reducing CRS bandwidth and extending RS periodicity. 
RS is transmitted within a subset of PRBs and with a longer periodicity. The advantage of method 2 may be maintained for this method. However, the time/frequency synchronization performance may be further degraded compared to Method 1 or 2.
An alternative is to completely rely on Rel-10 CSI-RS for time/frequency tracking on additional carriers, by completely removing Rel-8 CRS. Such a method can also achieve the three motivations of introducing additional carriers. On the other hand, the key issues include impacts on implementation and time/frequency tracking performance.
3 Performance

To evaluate the performance of time/frequency tracking performance on additional carriers, the following schemes are compared in this contribution.
· Scheme 1: 1 CRS port is transmitted within the whole system bandwidth.

· Scheme 2: 1 CRS port is transmitted within a subset of PRBs.
· Scheme 3: 1 CSI-RS port is transmitted within the whole system bandwidth
· Scheme 4: 2 CSI-RS ports are transmitted within the whole system bandwidth
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Figure 1: Time synchronization performance
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Figure 2: Frequency synchronization performance
Time and frequency tracking performance are shown in Figure 1 and Figure 2 respectively, and the simulation assumptions are listed in Appendix. According to the results, it can be observed that for both time and frequency tracking, 1 CRS port transmitted within the whole system bandwidth can achieve best performance. Furthermore, since CRS has been used for synchronization and measurement in Rel-8/9/10, using CRS (possibly with an extended periodicity) requires less impact on the UE implementation and RAN4 testing.
4 Conclusions
In this contribution, we discuss the RS design of new carrier types. Considering aspects including implementation, RAN4 testing, motivation to introduce additional carriers, time/frequency tracking performance, we have the following preference:
Proposal: For additional carriers in Rel-11, Rel-8 CRS is transmitted within the whole system bandwidth and in a subset of DL subframes.
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6 Appendix
Table 1: Evaluation assumptions for the RS for the new carrier type

	Parameter
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	VA

	Cyclic prefix
	Normal

	Initial frequency uncertainty
	Uniformly distributed in [- 500, +500] Hz

	Initial time uncertainty window
	Uniformly distributed in [-1.175, 1.175] μs

	Time/frequency estimation algorithm
	To be specified by the company

	Total number of subframes measured (including the subframes where no CRS/CSI-RS is transmitted)
	25

	Periodicity for CRS (if used)
	1 ms, TDD configuration 0 with 2 subframes containing CRS per half radio frame

	Special subframe configuration
	12 OFDM symbols in DwPTS, special subframe configuration 4

	Periodicity for CSI-RS (if used)
	5 ms

	Reduced bandwidth for CRS
	6 PRBs

	Number of antenna ports for CRS
	1

	Number of antenna ports for CSI-RS
	1 or 2

	SNR
	-8 dB
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