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1. Introduction
In [1], it was discussed the destruction of orthogonality between different cyclic shifts with relative frequency band offset. It was proposed to have a limitation on the sequence generation which is related to DC subcarrier index in order to solve the “orthogonality problem.” In this contribution, we will review and evaluate the proposal [1] in the viewpoints of  FER performance. Throughout the paper, we utilize the notation “frequency-independent generation” as conventional one and “frequency-dependent generation” as proposed one in [1].
2. Review of Orthogonality Problem
When frequency-independent generation of RS is employed, the orthogonality destruction between different cyclic shifts due to overlapped channel delay profiles in mismatched band allocation is likely to happen in eNodeB specific sequence allocation, in which it is likely to happen allocating same root indices within an eNodeB. This is mainly due to the inherent property of poly-phase sequence, i.e., “time-frequency duality” ‑ a relative shift in frequency domain results in another relative shift in time domain. Therefore, when there is a discrepancy of band allocation between two cells that is construed as a relative frequency shift, it results in shifting of channel response which means a kind of relative time shift. This phenomenon would have a negative effect on the accuracy of channel estimation in eNodeB specific allocation scenario.
The collapse of orthogonality between two cyclic shifts due to the overlap of channel responses does not occur in matched band allocation between cells as seen in Figure 1-(a). A frequency dependent generation is automatically done in this case. However, in the case of mismatched band allocation between cells as shown in Figure 1-(b), the overlap of channel responses is likely to happen. Because the sequence in Cell#2 is seen as relative frequency shift to that in Cell#1, it could result in relative time shift due to time/frequency duality of ZC sequence.
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Figure 1. Possible RS sequence allocation with same length between cells of same eNodeB
3. Simulation results
In this chapter, we compare the FER performance between frequency independent and dependent RS generation. The simulation parameters are shown in Table 1.
Table 1. The simulation parameters

	Parmeters
	Value

	Carrier frequency
	2GHz

	Bandwidth
	5MHz

	Modulation & Channel  coding
	QPSK, R=1/2

	Simulation case
	3RB-3RB

	Desired RB
	3RB

	Interference RB
	3RB(1 dominant interference) 

	Hopping for RS
	Sequence/shift hopping

	sequence/shift hopping pattern
	Random hopping

	SNR
	10[dB] (Fixed)

	Channel estimation
	DFT based interpolation

	Channel model/speed
	TU6, 30km/h

	Number of antennas
	Tx1, Rx 2 (MMSE receiver)

	HARQ
	None


Figure 2 shows the FER performance for both frequency-independent and dependent RS generation without any hopping operation. The scenario is that the relative frequency offset is 1-RB as shown in Figure 1-(b). The FER performances in Figure 2-(a) and 2-(b) are the cases for frequency-independent and dependent RS generation is applied respectively. 
From the simulation results as seen in Figure 2-(a), the FER performance for the frequency-independent generation is drastically deteriorated as much as 1.47dB at the FER 10-1 for a certain shift combination due to the destruction of orthogonality between different cyclic shifts as mentioned above. But when frequency-dependent RS generation is applied, the FER performance degradation due to frequency shift does not appear as shown in Figure 2-(b)
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(a) Freq-independent RS generation
                   (b) Freq-dependent RS generation

Figure 2. The FER performance comparison between frequency-independent and dependent RS generation without hopping operation (for relative 1-RB frequency offset)
Figure 3 shows the FER performance for both frequency-independent and dependent RS generation when both per-slot based cyclic shift hopping and per-subframe based sequence hopping are applied. Figure 3-(a) is the simulation results in case that the relative frequency offset is 1-RB as shown in Figure 1-(b) and Figure 3-(b) is the one in case that the relative frequency offset is 2-RB.
From the simulation results, we observe that frequency-dependant RS generation has the performance benefit by 0.7dB, 0.55dB at the FER 10-1 for 1-RB relative frequency offset and 2-RB relative frequency offset respectively as compared with frequency-independent RS generation.
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Figure 3. The FER performance comparison between frequency-independent and dependent RS generation with both sequence hopping and cyclic shift hopping. 
3. Conclusions
In this contribution, we reviewed the orthogonality problem due to time/frequency duality of ZC sequence as claimed in [1]. Also, we have confirmed the performance benefit from the frequency-dependent generation of UL RS via computer simulation. Even with hopping operation, the benefit from frequency-dependent generation was obviously observed. Therefore, we recommend the frequency-dependent generation is employed for UL DM RS in LTE deployment.
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