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1. Introduction
The time and frequency tracking reference signal used for the unsynchronized carrier case was widely discussed in recent meetings. The main options include using the CRS with some form of reduction in frequency and/or time and the CSI-RS with some form of densification in frequency and/or time. There is widespread support for reduced CRS in the time domain, e.g. 5ms periodicity but the benefits of reduced CRS in frequency domain are also mentioned [1]. 
The major objective of tracking RS design is to provide proper tracking performance while reducing the overhead. In order to achieve that, we first discuss the relationship between RS pattern, RS overhead and tracking performance.   Then we compared CRS and CSI-RS. At last we proposed a subset-CRS based tracking reference signal for unsynchronized carrier and evaluate the performance on a new carrier type according to [2]. Both simulation results and theoretical analysis show that this scheme is a good balance between tracking performance and overhead.
2. Design of time and frequency tracking reference signal

2.1 Time tracking algorithm based on RS

According to time-shift property of Fourier transformation, we have
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Where the notations are:
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: the timing offset in samples

N: the DFT size

The above equation indicates that the timing offset appears as a linear phase across subcarriers. So we can compute the timing offset 
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Where the notations are:
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:the subcarrier spacing
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:frequency spacing of two subcarriers in one OFDM symbol.

k:the subcarrier index

l:the OFDM symbol index
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: the phase of channel frequency response estimated by RS in resource index pair(k,l) 

2.2 Frequency tracking algorithm based on RS

According to frequency-shift property of Fourier transformation, we have
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Where the notations are:
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k

: the frequency offset

N: the DFT size

The above equation indicates that the frequency offset appears as a linear phase across samples. So we can compute the frequency offset 
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Where the notations are:
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T

:the time sampling period
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:the time spacing of the same subcarrier in two symbols

k:the subcarrier index

l:the OFDM symbol index
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: the phase of channel frequency response estimated by RS in resource index pair(k,l) 
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N

: OFDM symbol’s CP length (*)

Note(*): Not every OFDM symbol’ CP are identical. In fact the first OFDM symbol’s CP is longer than that of rest ones in one slot. For simplicity of expression, we assume they are all equal without concept confusion.

2.3 Time and frequency tracking performance based on RS

From equation (1) and (2), we can see:

Observation 1: the time tracking range is determined by RS’s frequency spacing 
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Observation 2: the frequency tracking range is determined by RS’s time spacing 
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Figure 1: the time and frequency spacing of RS
As we know,
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So the time and frequency tracking range is:
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Observation 3: the smaller the
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 are, the wider the time and frequency tracking range are.

Since CRS and CSI-RS are the two hottest options as tracking RS for unsynchronized new carrier in RAN1#68bis, we are naturally interested in their tracking range. 

Table 1: CRS and CSI-RS tracking range (normal CP)

	RS type
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	time tracking range(
[image: image27.wmf]s

m

)
	frequency tracking range(Hz)

	CRS
	6
	7
	(-11.1,11.1)
	(-2k,2k)

	CSI-RS
	12
	1
	(-5.56,5.56)
	(-14k,14k)


Observation 4: CRS time tracking range is twice than CSI-RS, while CSI-RS frequency tracking range is seven times than CRS.

However, this tracking range compare result is not sufficient enough to help us to make a clear choice between CRS and CSI-RS. We must examine them in other aspects.
And then we found that except time and frequency spacing, the density of CRS and CSI-RS is also very different. 
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Figure 2: CRS per PRB pair (port 0, normal CP)
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Figure 3: CSI-RS per PRB pair (CSI configuration 0, port 15, normal CP)

Table 2: CRS and CSI-RS density（RE, subcarrier, symbol/PRB PAIR/PORT）

	RS Type
	RE per PRB pair
	subcarrier per PRB pair
	symbol per PRB pair

	CRS
	8
	4
	4

	CSI-RS
	2
	1
	2


As we can see, current CRS occupies 8 REs per PRB pair. It’s possible to make 4 times time and frequency offset estimation in one PRB pair. But current CSI-RS which occupies only 2 REs per PRB pair can only make frequency offset estimation once in one PRB and time-tracking once in two PRBs. Given the same number of PRB, CRS tracking accuracy is definitely higher than CSI-RS especially when PRB number is limited.

Conclusion: Tracking range is determined by RS time and frequency spacing while tracking accuracy is determined by RS density.

Except RS density, RS bandwidth and period, as discussed deeply in recent meetings, are also two key factors of tracking accuracy but they are not introduced by CRS and CSI-RS’s pattern. So the relationship between RS and tracking performance can be summarized as follows:
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Figure 4: RS and tracking performance 

Due to the poor density of current CSI-RS, CRS is preferred by us, given the same RS bandwidth and period. But its overhead is very high.

So a better tradeoff is expected to be made between tracking performance and overhead.

2.4 A subset-CRS based tracking RS scheme
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Figure 5: A subset-CRS based tracking RS (based on port 0 CRS with normal CP)

In order to reduce overhead and maintain the tracking range, a subset-CRS based tracking RS is proposed as figure 5. We believe scheme (a) and (b) in this figure are equivalent.

Observation 5: The subset-CRS based tracking RS maintain the same time and frequency tracking range as current CRS but with a halved overhead.

We believe this scheme is a good tradeoff between tracking performance and overhead. The simulation results are presented in next section.

3. Simulation results

The simulation assumptions are given in Table 3.
Table 3: Simulation assumptions

	Parameter
	Value

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Channel profile
	EVA 100 km/hr, and EPA 3 km/hr

	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 is transmitted)
	Averaging period 10 subframes
Measurement period 10000 subframes

	Reduced bandwidth for CRS 
	6 PRBs, 50PRBs

	Periodicity for CRS (if used)
	1 and 5 ms 

	Number of antenna ports for CRS
	1

	CRS Pattern
	Full CRS , subset CRS 

	SNR
	{-8} dB
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Figure 6: time tracking performance in EPA 3km/hr
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Figure 7: frequency tracking performance in EPA 3km/hr
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Figure 8: time tracking performance in EVA 100km/hr
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Figure 9: frequency tracking performance in EVA 100km/hr

We considered three factors, as we mentioned in section 2.3, in simulations:

· CRS Period: 1ms and 5ms

· CRS Bandwidth: 6PRB and 50PRB

· CRS Density: Full and subset

According to the time tracking simulation results, CRS period is the most important and CRS bandwidth is the second. When moving from full CRS to subset CRS, the performance degradation can be observed but not as significant as that introduced by reduction in time and frequency domain (period and bandwidth).

In frequency tracking simulations, we observed that the performance is very sensitive to period and bandwidth (especially period) but CRS density is on the other hand. Given the same bandwidth and period, the subset CRS has the similar performance as full CRS, but only with a half overhead. 

The performance and overhead of all simulation cases are  summarized as follows:
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Figure 10: CRS tracking performance vs. overhead

Observation 6: No matter time or frequency tracking, the performance is most sensitive to CRS period. 

Observation 7: Given the same period and bandwidth, compared to full CRS, the subset CRS has tolerable performance degradation, considering its half overhead.

If the reduction of CRS in time and/or frequency domain is supported, we highly recommend this subset-CRS based scheme due to its good balance between performance and overhead.

Proposal: If the reduction of CRS in time and/or frequency domain is supported, we propose the subset-CRS as tracking reference signal for unsynchronized new carrier.
4. Conclusion
This contribution discussed the tracking RS design and the relationship between RS pattern and tracking performance. CSI-RS and CRS were compared in both tracking range and accuracy. As a result, the subset-CRS based tracking RS scheme with a halved overhead was proposed, which had a tolerable performance degradation shown from simulation results, compared with full CRS scheme.

Observation 1: The time tracking range is determined by RS’s frequency spacing 
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Observation 2: The frequency tracking range is determined by RS’s time spacing 
[image: image38.wmf]l

D


Observation 3: The smaller the
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 are, the wider the time and frequency tracking range are.

Observation 4: CRS time tracking range is twice than CSI-RS, while CSI-RS frequency tracking range is seven times than CRS.

Observation 5: The subset-CRS based tracking RS maintain the same time and frequency tracking range as current CRS but with a halved overhead.

Observation 6: No matter time or frequency tracking, the performance is most sensitive to CRS period. 

Observation 7: Given the same period and bandwidth, compared to full CRS, the subset CRS has tolerable performance degradation, considering its halved overhead.

Conclusion: Tracking range is determined by RS time and frequency spacing while tracking accuracy is determined by RS density.

Proposal: If the reduction of CRS in time and/or frequency domain is supported, we propose the subset-CRS as tracking reference signal for unsynchronized new carrier.

· New carrier type should support configurable and reduced CRS transmission in frequency domain.

· The reduced CRS could be transmitted on the central X PRBs.
· The supported values for X should be selected to be a subset of the system bandwidths supported in LTE Rel-8, while X=6 should be guaranteed.
· Tracking range is determined by RS time and frequency spacing while tracking accuracy is determined by RS density.

· The subset-CRS based tracking RS maintain the same time and frequency tracking range as full CRS. Given the same period and bandwidth, it has tolerable performance degradation, considering its halved overhead.
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