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1 Introduction

According to the RAN1 TR related to the Study Item Evolved UTRA [1], orthogonal reference signal (RS) structure of the intra NodeB cells is proposed. The main intention of that is to improve channel estimation performance of cell edge users by getting rid of interference to reference signal. 

In this contribution, we compare different approaches to provide the orthogonal reference signals for the intra NodeB cells and propose the conclusion on this issue. 
2 Orthogonal RS of the intra NodeB cells
Figure 1 illustrates CDM reference signal structure proposed in [1]. Frequency domain spreading by phase shift makes reference signals from different cells orthogonal in time domain since the phase shift in frequency domain comes out the delay in time domain. We show an example of CDM reference signal in time and frequency domain in figure 2. Mf  is number of reference symbols used for channel estimation, and they are converted to Mf  samples in time domain by IFFT. 

To find channel estimates, UEs will filter Mf /Ncell samples which are supposed to include reference signals of each cell out of Mf samples, followed by Nused -point FFT after padding zeros. Above description of channel estimation procedure is illustrated in figure 3. Note that the effective subcarrier spacing of CDM reference signal used for channel estimation should be ∆fCDM x Ncell due to filtering in time domain.


[image: image1]
Figure 1 CDM reference signal (∆fCDM = 6, Ncell =3)

[image: image2]
Figure 2 CDM reference signal in freq./time 

[image: image3]
Figure 3 Channel estimation block of CDM reference signal in receiver side
2.1 Equivalent structure: FDM and/or TDM with nulling 
In this section, we discuss an alternative means (which is more primitive) to achieve orthogonality of reference signals between the cells of the same NodeB. Reference signal of each cell is transmitted in different resources in time and frequency domain and the orthogonality between them is achieved by nulling resources which are supposed to be used for transmitting reference symbols in other cells, while it is done by multiplying orthogonal patterns in frequency domain in CDM structure. 

Figure 4 shows an exemplary structure, which is simply referred to as FDM structure because reference signals of three cells are transmitted in the first and the fifth OFDM symbols but in different subcarriers. Neither data nor reference symbols of cell 1 are transmitted in Null subcarriers. 

To be equivalent to CDM structure, the subcarrier spacing of FDM structure (∆fFDM ) should be 18.  

Total resource overhead of FDM reference signal structure in figure 4 is same as that of CDM reference signal structure shown in figure 1 owing to ‘null’ subcarriers. 


[image: image4]
Figure 4 Equivalent reference signal structure with 18 subcarrier spacing (∆fFDM = 18, Ncell =3)

[image: image5]
Figure 5 Channel estimation block of CDM reference signal in receiver side
2.2 Performance evaluation
The performance of CDM and FDM should be same because the orthogonality between reference signals is guaranteed to both cases and the number of reference signal samples in time domain used for channel estimation is Mf /Ncell for both approaches. 
Figure 6 shows block error rate performance of them in case of TU3 and TU30. We assumed that total power overhead for reference signal is the same for both approaches. Detailed system parameters for simulation are provided in Annex. 
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Figure 6 Block Error rate performance: CDM vs. FDM

2.3 Channel estimation for users at the cell center

We have shown that the CDM does not provide smaller effective frequency spacing than the FDM if you filter out signals from other cells in time domain. For the UEs far from cell edge and not suffering from interference from other cells, it was argued that the CDM based orthogonal reference signal structure has a better tracking ability of the channel estimation due to high density of the CDM reference signal in frequency domain.[1] But on the other hand, power of each reference symbol should be inversely proportional to the density. 
The reference signal spacing of the FDM in frequency domain, which is the same as the effective spacing of the CDM that is assumed to keep the orthogonality at the cell edge, should be determined enough to track the channel variation between reference symbols. In that case, the channel estimation performance of the CDM in the cell center depends on the SNR of reference signal rather than the density.

Figure 8 shows the performance of the CDM w/ and w/o time domain filtering. If the time domain filtering is applied as shown in figure 3, the effective spacing of the CDM reference signal increases according to the size of filter but improves the SNR of reference signal by suppressing noise as well. To the contrary, we can keep the effective spacing of the CDM reference signal as six by skipping filtering but the SNR of reference signal gets lower than the CDM w/ time domain filtering or the FDM. As seen in the Figure, the CDM w/o time domain filtering shows the worse performance than the CDM w/ time domain filtering mainly due to lower reference signal PSD.
[image: image8.wmf] CDM w and w/o time domain filtering : TU3
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3 Conclusion 
Based on the results, the performance of the CDM and the FDM structure for cell edge UEs are equivalent. And there seems no benefit of using high density of CDM reference signal for cell center UEs due to low SNR of reference signal. Therefore, we propose to provide the orthogonal reference signals for the intra Node B cells via FDM, which may be complemented by TDM if needed. 

Regarding the frequency spacing of reference signal, we would prefer 6 (as defined in TR 25.814) because structure shown in figure 4 for the comparison purpose may cause the performance degradation in high speed and/or high order modulation.  

The introduction of non-orthogonal reference signal as increasing the number of required orthogonal reference signal sets, for example, in case of high sectorization is FFS.
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Annex. Simulation parameter 
	Parameter
	Value

	Transmission bandwidth (Mhz)
	10

	Sub-frame duration (ms)
	0.5

	Sampling rate (MHz)
	15.36

	IFFT size
	1024

	Number of used subcarriers
	600

	Number of CP samples
	74

	Number of OFDM symbols in a TTI
	7

	AMC level
	QPSK, R = 2/3 (Turbo)

	Channel model
	Typical Urban (6 ray)

	UE speed (km/h)
	3, 30

	Transmission scheme
	Subcarrier wise distributed transmission using 2 RBs 
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Equivalent FDM reference signal structure (cell #1)
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CDM reference signal structure








