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1 Introduction

In RAN1 #67, the following agreement was made on the additional carrier type for Rel-11 LTE [1].
In the design of the new carrier type, support shall be provided for operation in both of the following scenarios (not necessarily equally optimized for both cases – take into account the gain that can be achieved):

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

Note that synchronization is considered from the perspective of the UE receiver.
For time and frequency tracking on un-synchronized new carrier, both CRS and CSI-RS based solutions have been discussed. As a result of an email discussion [68-06], simulation assumptions to evaluate various tracking RS options were agreed in [2]. Based on the agreed evaluation parameters, we evaluate the tracking performance with CSI-RS and CRS on un-synchronized new carrier.
2 Multiple CSI-RS for un-synchronized new carrier
Both of CSI-RS defined in Rel’10 and CRS defined in Rel’8 can be used to tracking on un-synchronized new carrier. As it is already shown in previous contributions [3]-[5] that time tracking performance of both CSI-RS and CRS based approaches are comparable, this contribution focuses on frequency tracking performance of both approaches. 
As the number of REs that CRS and CSI-RS consume is different, for a fair comparison, we also evaluate multiple CSI-RS option. Multiple CSI-RS is CSI-RS with increased density, and the pattern of CSI-RS used for tracking is depicted in Figure 1. 1 CSI-RS pattern, 2 CSI-RS pattern, and 4 CSI-RS pattern are considered for CSI-RS pattern. 1 CSI-RS pattern uses only CSI-RS A as shown in Figure 1 (a). 2 CSI-RS pattern consists of 4 REs uses CSI-RS A and CSI-RS B as shown in Figure 1 (b). 4 CSI-RS pattern consists of 8 REs uses CSI-RS A, CSI-RS B, CSI-RS C and CSI-RS D as depicted in Figure 1 (c).
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Figure 1. Single and multiple CSI-RS pattern for un-synchronized new carrier

3 Tracking performance for CRS and multiple CSI-RS
To evaluate the usefulness of multiple CSI-RS, we obtained tracking performance for single and multiple CSI-RS and CRS. This simulation is based on the agreed evaluation assumptions in [2]. Further detailed evaluation assumptions are specified in Annex.
Following RS patterns are considered for tracking performance evaluation. All RS patterns are transmitted over the entire system bandwidth.
· 1 CSI-RS
The CSI-RS based option with 1 CSI-RS transmitted with 5 ms and 10 ms CSI-RS period on 1.4 MHz and 10 MHz system bandwidth. The pattern of 1 CSI-RS is described in Figure 1.
· 2 CSI-RS
The CSI-RS based option with 2 CSI-RS transmitted with 5 ms and 10 ms CSI-RS period on 1.4 MHz and 10 MHz system bandwidth. The pattern of 2 CSI-RS is described in Figure 1.
· 4 CSI-RS
The CSI-RS based option with 4 CSI-RS transmitted with 5 ms and 10 ms CSI-RS period on 1.4 MHz and 10 MHz system bandwidth. The pattern of 4 CSI-RS is described in Figure 1.
· FDD reference
The CRS based option with CRS transmitted on 1.4 MHz system bandwidth for an FDD system with 6 MBSFN subframes configured 

· TDD reference
The CRS based option with CRS transmitted on 1.4 MHz system bandwidth for a TDD system with configuration 0.

· CRS
The CRS based option with CRS transmitted with 1 ms, 5 ms and 10 ms CRS periods on 1.4 MHz and 10 MHz system bandwidth. 
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(a) 5 msec CSI-RS transmission period                   (b) 10 msec CSI-RS transmission period
Figure 2. Frequency tracking performance with 5 msec (a) and 10 msec (b) CSI-RS transmission period on 10 MHz system bandwidth
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(a) 5 msec CSI-RS transmission period                  (b) 10 msec CSI-RS transmission period
Figure 3. Frequency tracking performance with 5 msec (a) and 10 msec (b) CSI-RS transmission period on 1.4 MHz system bandwidth
Frequency tracking performance results for various options are shown in Figure 2 and Figure 3. Tracking performance of single and multiple CSI-RS, CRS, FDD reference and TDD reference are evaluated. CSI-RS  and CRS based tracking are simulated on 10 MHz and 1.4 MHz system bandwidth, and FDD and TDD reference performance are simulated on 1.4 MHz system bandwidth.
1) Frequency tracking performance on 10 MHz channel bandwidth (Figure 2)
As shown in Figure 2. (a) and (b), frequency tracking performance of CRS sent over 10 MHz outperforms those of reference TDD/FDD cases in all RS transmission periods (i.e., 1 ms, 5 ms, and 10 ms CRS). 
For frequency tracking performance of single and multiple CSI-RS, the performance is improved as the density of CSI-RS is increased. For both of 5 ms and 10 ms CSI-RS transmission periods, performances of 2 CSI-RS and 4 CSI-RS are better than or comparable to FDD/TDD reference performances while 1 CSI-RS may not meet the required performance. 
2) Frequency tracking performance on 1.4 MHz channel bandwidth (Figure 3)
For 1.4 MHz system bandwidth, CRS with 1 ms transmission period outperforms the FDD and TDD reference performance. CRS with 5 ms transmission period shows similar performance to TDD reference, and performance of CRS with 10 ms period is worse than reference performances.

CSI-RS tracking performance is improved as the density of CSI-RS is increased. For 5 ms CSI-RS transmission period, multiple CSI-RS (2 CSI-RS or 4 CSI-RS) shows close performance compared with CRS and TDD reference performance. For 10 ms CSI-RS transmission period, multiple CSI-RS (2 CSI-RS or 4 CSI-RS) has worse performance than TDD reference performance, but its performance is comparable to CRS with 10 ms transmission period.
4 Conclusion
The frequency tracking performance of CSI-RS based solution and CRS based solution on un-synchronized new carrier was discussed. Tracking performance of single and multiple CSI-RS was compared with CRS, FDD reference and TDD reference. Based on the simulation results, we concluse the following,
· Frequency tracking performance with CSI-RS is improved with the increased CSI-RS density. With 2 or 4 CSI-RS per RB, CSI-RS based tracking also achieves better or comparable performance to FDD and TDD reference cases.
· Comparable performance results between CRS, 2 CSI-RS, and 4 CSI-RS show that 2 or 4 CSI-RS may be able to substitute CRS.
· According to the frequency tracing performance results with CRS and CSI-RS for 10 ms transmission period on 1.4 MHz system bandwidth, it seems that RS transmission period shorter than 10 ms is required.
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6 Annex
Table  1. Evaluation assumptions for the RS for the new carrier type

	Parameter
	Value

	Channel bandwidth
	1.4 MHz, 10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/h

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

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

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

	Periodicity for CRS (if used)
	1 ms, 5 ms and 10 ms

	Periodicity for CSI-RS (if used)
	5 ms and 10 ms

	Number of antenna ports for CRS
	1

	Number of antenna ports for CSI-RS
	1

	SNR
	-8 dB
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