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1 
Introduction
In RAN4#66, no consensus has been made regarding how to address the questions in “LS on the RS for additional carrier types for carrier aggregation enhancement” from RAN1 [1]. Based on the discussions, different opinions have been proposed on how exact wide the CRS bandwidth should be for system bandwidth no less than 5MHz. The existing options include

· The same as system bandwidth 
· Up to 25RB depending on the system bandwidth 
In [2], it is observed that

· Observation 1: When CRS encounters strong interference, the PDSCH demodulation performance can be degraded at a non-trivial level due to reduced CRS bandwidth. When the SNR of CRS is large, different CRS bandwidth does not result in very different performances. 

· Observation 2: When interference is not evenly distributed across the whole bandwidth, it is possible that the system with reduced CRS bandwidth cannot achieve the RSRQ accuracy requirement defined in 36.133.
· Observation 3: When CRS is not evenly distributed, high implementation complexity and system performance degradation are expected from a view point of channel estimation. 
· Observation 4: The overhead of CRS can be reduced if the CRS bandwidth is limited by 25RB. However, the percentage of the saved overhead is not significant.

In this contribution, the CRS bandwidth for NCT is further discussed from the perspectives of time/frequency synchronization when the interference is not Gaussian.  
2 
Summary of RAN1 LS
RAN1 LS [1] is quoted below:

Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 

· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X)

Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.

RAN1 would like to seek guidance from RAN4 on the following issues:

· From the perspective of time and frequency tracking accuracy, which bandwidth (as listed in the agreement above) is considered as sufficient?

· How should the RRM measurements be handled for the new carrier type?

· If the RRM measurements are performed based on the RS port described above, which bandwidth (as listed in the agreement above) is considered as sufficient?

3 Impact of CRS bandwidth on time/frequency synchronization and the demodulation performance
In [2], it has been shown that the time and frequency offset estimations are deteriorated quite obviously at low SNR, when the CRS measurement bandwidth is reduced. At relatively high SNR (e.g. SNR>0dB), the performance difference between wideband and reduced bandwidth CRS is not significant. Such an observation is based on the assumption that the noise and interference are AWGN. In practical system, UE may experience quite strong interference from one or more than one aggressor cells. In this section, the performance impact of CRS measurement bandwidth is investigated when the interference is not assumed as AWGN. As an example, there is single dominant interference considered. With frequency offset, the received signal at the k-th subcarrier is denoted by Sk, give as
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 represent the frequency offset at the target and interference cell, respectively.
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 is the received signal, including the ICI, at the k-th subcarrier from the target cell and [image: image9.png]R2,



 denotes the received signal, including the ICI, at the k-th subcarrier from the interference cell
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in which, [image: image13.png]
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 are the CRS sequence from both target and interference cell. [image: image17.png]
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 represent the channel coefficients of subcarrier k for the target and interference cells, respectively. 
With no statistical information of the interference assumed, the maximum likelihood estimate (MLE) of [image: image21.png]


 is given by 
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where
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in which, [image: image25.png]W,



 can be approximated as AWGN. It is obvious that [image: image27.png]|R2, |2e—i2n8



 is a residue frequency offset purely due to the interference, which cannot be compensated regardless how wide the CRS bandwidth is. Based on the central limit theorem, the impact of [image: image29.png]W,



 can be largely reduced when the number of samples (or the CRS bandwidth) is big. The impact of [image: image31.png]W,



 with various CRS bandwidth has been numerically investigated in [2]. The remaining term [image: image33.png]2 = Re|R1,R2} e-im-4)]



  represents the correlation between the signals from the target and interference cells at the same subcarrier. As an extreme case, when the channel coefficients and CRS sequence of the target and interference cells are identical, the frequency offset estimation inaccuracy due to [image: image35.png]2 = Re|R1,R2} e-im-4)]



 will be independent of the CRS bandwidth. For another extreme case when the channel coefficients of both target and interference cells are i.i.d., the characteristic of the term [image: image37.png]2 = Re|R1,R2} e-im-4)]



 should be very similar as AWGN. However, depending on the coherent bandwidth and PCI selection in both target and interference cells, the statistic characteristics of [image: image39.png]2 = Re|R1,R2} e-im-4)]



 is very likely between the term [image: image41.png]W,
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In other words, it takes more samples of [image: image45.png]2 = Re|R1,R2} e-im-4)]



 to converge to normal distribution than [image: image47.png]W,



, due to the correlated samples. The similar principle and analysis can be also applied to the time offset as well.

Observation 1: When the interference is not Gaussian, the frequency/time offset can be more sensitive to the CRS bandwidth than in AWGN.

In Figure 1-3, the CDF of frequency offset estimation are given based on various interference assumptions. The detailed simulation assumptions can be found in the appendix. With reduced CRS bandwidth, the simulations show that the CDF of frequency offset estimation error with non-Gaussian interference performs quite differently from the case with Gaussian interference. However, when full bandwidth CRS is assumed, the performance differences are negligible. To some extent, the simulation results justify our aforementioned analysis and observation.   
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Figure 1: CDF of residue frequency offset at SNR=8dB and SIR=-3dB
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Figure 2: CDF of residue frequency offset at SNR=8dB, SIR=0dB
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Figure 3: CDF of residue frequency offset at SNR=8dB, SIR=∞
Observation 2: The reduced CRS bandwidth can significantly reduce the frequency offset estimation accuracy, especially when the interference is not white Gaussian.

4 
Conclusion
In this contribution we provide our views on CRS bandwidth for NCT, when non-Gaussian interference presents. Based on our studies and evaluation, it is observed that 

Observation 1: When the interference is not white Gaussian, the frequency/time offset is more sensitive to the CRS bandwidth than in AWGN.

Observation 2: The reduced CRS bandwidth can significantly reduce the frequency offset estimation accuracy, especially when the interference is not white Gaussian.

Based on aforementioned observations, it is proposed that 

Proposal: The CRS bandwidth in unsynchronized NCT should be the same as system bandwidth. 
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6 Appendix
Table A-1: Simulation Setup for Time/Frequency Synchronization
	Parameter
	Value

	Carrier Frequency
	2GHz

	System Bandwidth
	20MHz

	Channel Model
	EVA 5Hz

	CRS Port
	Colliding CRS

	PCI for both target and interference cells
	(PCItarget -PCIinterf)=1

	Frequency Offset for both target and interference cells
	Uniformly distributed in [-500,500] Hz

	Antenna Setup
	1 Tx 2Rx

	Tx/Rx Antenna correlation
	Uncorrelated

	Frequency estimation algorithm
	Correlation based

	Total number of subframes measured (including the subframes where no CRS is transmitted)
	5 ms


