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1
Introduction
One of the objectives included in the LTE carrier aggregation enhancement WID [1] is “Study additional carrier types including non-backwards compatible elements for Carrier Aggregation”. In the RAN1#66bis meeting, there was a working assumption that 
· Introduce at least one new carrier type in Rel-11 (bandwidth agnostic from a RAN1 point of view), with at least reduced or eliminated legacy control signalling and/or CRS.
· …
· study further: 
· issues of synchronisation/tracking (including whether or not PSS/SSS are transmitted) and measurements/mobility

· resource allocation methods

· what RSs are required
· …
In RAN1#67, it was further agreed that 

· 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).

One of open issues related with new carrier type design is the time/frequency tracking, which means UE maintaining fine time/frequency synchronization when cell identification and coarse synchronization has already been achieved. In this paper, we will evaluate the performance of tracking based on different reference signals, and the significance or implication of this evaluation is discussed as part of [2]. 

Similar study can be already found in [3].
2
Simulation assumption
We have evaluated 4 types of reference signals:
· PSS/SSS (narrow-band in central 6 PRBs, with 2 x 72 RE = 144 RE)

· One CRS port (wide-band, with high density 8 RE/PRB x 50 PRB = 400 RE)
· One CRS port (narrow-band in central 6 PRBs, with high density 8 RE/PRB x 6 PRB = 48 RE)
· One CSI-RS ports within one CSI-RS resource (wide-band, with low density 2 RE/PRB x 50 PRB = 100 RE)

The exact reference pattern and simulation assumption are shown in Figure 1, and Table 1, respectively. 
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Figure 1: Reference signals pattern per PRB: PSS/SSS, CRS (narrow/wide-band), and CSI-RS

In the simulation, we have evaluated tracking performance based on those reference types in a high velocity and low SNR scenario. The time sync is found through correlation and peak search, with the searching window decided by timing uncertainty. The frequency sync is derived in principle from the phase shift between 2 time domain samples with certain interval, taking into account the frequency uncertainty; the samples are generated by correlation over OFDM symbols that contain reference. Per-subframe tracking is baseline, and when tracking period is 1 radio frame the results from 10 consecutive subframes are averaged. Other simulation assumptions are listed in Table 1.
Table 1: Simulation assumptions

	Parameter
	Value

	Signal bandwidth 
	10 MHz

	Carrier frequency 
	2 GHz

	Channel model 
	EVA

	UE speed
	100 km/h

	Reference period
	PSS/SSS: 5 ms
Wide-band CRS (WB-CRS): 1 ms
Narrow-band CRS (NB-CRS): 1 ms
CSI-RS: 5 ms

	Timing uncertainty
	2.35 μs

	Time tracking algorithm
	Correlation and peak search over 1 subframe, with 2.35 μs (36 samples) search window

	Frequency uncertainty
	500 Hz

	Frequency tracking algorithm
	Correlation and phase comparison within 1 subframe, with 500 Hz bound when converting phase shift to frequency error

	Tracking period
	1 subframe or 1 radio frame (averaging over 10 consecutive subframes)

	SNR
	-8 dB

	MIMO 
	1Tx, 2Rx


3
Simulation result
3.1
Time tracking

The performances of time tracking are shown in Figure 2.  
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Figure 2: Performance of time tracking with different reference signals 

For per-subframe time tracking, PSS and narrow-band CRS give similar performances. CSI-RS leads to better performance as the wide-band transmission provides finer granularity in time domain. Wide-band CRS is best thereof due to both wide-band transmission and high density per subframe.

With averaging among 10 consecutive subframes, narrow-band CRS (narrow-band but 20-slot averaging) and CSI-RS (2-slot averaging but wide-band) give similar performances, both better than PSS (narrow-band and 2-slot averaging) and slightly worse than wide-band CRS (wide-band and 20-slot averaging).
From the results we observe that each of the studied reference signals provide sufficient accuracy for time tracking on a new carrier type.
3.2
Frequency tracking

The performance of frequency tracking is shown in Figure 3.
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Figure 3: Performance of frequency tracking with different reference signals
For per-subframe frequency tracking, PSS/SSS and CSI-RS give similar performances, and they are significantly worse than narrow-band CRS. The reason is that there are only 2 OFDM symbols that contain reference, so only 1 phase comparison can be made within a subframe; while for CRS (both narrow-band and wide-band) there are 4 OFDM symbols that contain reference and up to 6 comparisons can be made, which provides averaging gain already within a subframe. Wide-band CRS is the best one due to higher density than narrow-band CRS.

With averaging among 10 consecutive subframes the performances of CSI-RS and PSS/SSS are still very similar, but the gap with narrow-band CRS becomes larger due to much less valid subframes for averaging. It should also be noted that the performance difference between narrow-band and wide-band CRS is quite minor when there is enough averaging.
From the results we can see that narrow-band CRS is a good candidate for frequency tracking on new carrier type as provides a good trade-off between reducing CRS overhead and maintaining reasonable tracking performance.  

There is a remarkable degradation in frequency tracking performance, comparing CRS and CSI-RS as defined in Rel-10. Although some enhancements can be introduced, the reference overhead and the impacts on specification and UE implementation should be further considered. 
4
Conclusion
In this paper we study the time/frequency tracking performance on the new carrier type, based on different types of reference signals. Based on the evaluation, we have the following observations:
Observation 1: All the studied reference signals perform well enough for time tracking purposes on new carrier type.
Observation 2: Narrow-band CRS is a good candidate for frequency tracking on new carrier type.
Observation 3: CSI-RS could not provide reasonable performance for frequency tracking on new carrier type. The reference overhead and impacts on specification and UE implementation should be considered if enhancements are to be introduced.

Finally, based on these observations we make the following proposal: 

Proposal: To enable reliable time and frequency tracking on new carrier type, CRS should not be completely removed. Reduced CRS combined with CSI-RS as defined in Rel-10 could be considered as a starting point.
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