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1. Introduction
In this documentation, we discuss on the remaining detail for OFDM baseband signal generation

2. OFDM baseband signal generation
In RAN1#92bis meeting, the definition of  described for OFDM baseband signal generation was discussed. Instead of the original intention that the value of  is obtained from the higher-layer parameter k0 for PRB alignment, companies were newly understanding that the variable  in the OFDM signal generation formula is used for the purpose to be defined as the frequency offset between the center frequency of frequency bands with different numerology which are used in a cell. Also, as shown in formula (1), companies were considering that the value of  is derived from the center frequency of the frequency bandwidth with highest subcarrier spacing () configured in higher layer signal. 

          (1)

In the formula (1), the variable,, , , and   are provided from FrequencyInfoDL in RRC signal which is cell-specific parameters. If it is defined that the center frequency of the frequency band with maximum subcarrier spacing in the cell is a reference point to derive the frequency offset, the value of  can be ‘zero’. In figure 1, we provide an example of the frequency offset between the center frequency of the frequency bands with different numerology (e.g. 15kHz and 30kHz subcarrier spacing).
Proposal 1:
· The variable  in the OFDM signal generation formula is used for the purpose to be defined as the frequency offset between the center frequency of frequency bands with different numerology which are used in a cell.
· The value of  is derived from the center frequency of the frequency bandwidth with highest subcarrier spacing () configured in higher layer signal.
· The center frequency of the frequency band with maximum subcarrier spacing in the cell is a reference point to derive the frequency offset, and the value of  is always ‘zero’.


Figure 1. The frequency offset  between the center frequency of two frequency bands with different numerology (i.e. 15kHz and 30kHz SCS)

As shown in figure 1, we assume that the center frequency of frequency band with 30kHz SCS is reference point to derive frequency offset . So, we can set that the value of frequency offset  is ‘0’. Also, it can be derived that the value of frequency offset  from the reference point to the center frequency of frequency band with 15kHz SCS is 6RE (=90kHz).
Also, in the example, we assume that the up-converting frequency f0 is aligned with the center frequency of the frequency band with 30kHz SCS. In this case, the center frequency of the frequency band with 15kHz SCS is not matched with the up-converting frequency f0. In order to handle the mismatched frequency offset, it is not necessity for UE to operate RF retuning. We can operate the other UE implementation, which is that digital oscillator or FFT shift is used for the residual frequency shift to f0 in addition to up-conversion with analog oscillator.
Observation 2: 
· In order to handle the mismatched frequency offset, it is not necessity for UE to operate RF retuning. The other UE implementation, which is that digital oscillator or FFT shift is used for the residual frequency shift to f0 in addition to up-conversion with analog oscillator, can be applied.

In multi-cell environment, the maximum subcarrier spacing for each cell could be different. That means, in handover case, the reference point which is the center frequency of the frequency band with maximum subcarrier spacing could be changed if the supported maximum subcarrier spacing is different in the target cell. In this case, the reference point could not be aligned with the up-converting frequency f0. As observed above, UE may not be necessity to operate RF retuning. Instead, the digital oscillator (or FFT shift) is used for the residual frequency shift.

 
Figure 1. The frequency offset between up-converting frequency and the center frequency of frequency band with maximum numerology

Observation 3: 
· In handover case, the reference point which is the center frequency of the frequency band with maximum subcarrier spacing could be changed if the supported maximum subcarrier spacing is different in the target cell. In this case, the reference point could not be aligned with the up-converting frequency f0.
· In this case, the reference point could not be aligned with the up-converting frequency f0. So, UE may operate the digital oscillator (or FFT shift) for the residual frequency shift.

3. Conclusion
In this documentation, we discussed on the remaining detail for OFDM waveform generation. As a conclusion, we summarize proposals as below:
Definition of 
Proposal 1:
· The variable  in the OFDM signal generation formula is used for the purpose to be defined as the frequency offset between the center frequency of frequency bands with different numerology which are used in a cell.
· [bookmark: _GoBack]The value of  is derived from the center frequency of the frequency bandwidth with highest subcarrier spacing () configured in higher layer signal.
· The center frequency of the frequency band with maximum subcarrier spacing in the cell is a reference point to derive the frequency offset, and the value of  is always ‘zero’.
UE implementation for residual frequency shift
Observation 2: 
· In order to handle the mismatched frequency offset, it is not necessity for UE to operate RF retuning. The other UE implementation, which is that digital oscillator or FFT shift is used for the residual frequency shift to f0 in addition to up-conversion with analog oscillator, can be applied.
Observation 3: 
· In handover case, the reference point which is the center frequency of the frequency band with maximum subcarrier spacing could be changed if the supported maximum subcarrier spacing is different in the target cell. In this case, the reference point could not be aligned with the up-converting frequency f0.
· In this case, the reference point could not be aligned with the up-converting frequency f0. So, UE may operate the digital oscillator (or FFT shift) for the residual frequency shift.

4. Reference
RAN1#92bis meeting Chairman’s note 

Appendix A. Previous agreement

Agreements: (RAN1#92bis) [1]
Agreements:
· The working assumption made in RAN1 AdHoc#1 on OFDM signal generation is confirmed
Conclusion:
· It is RAN1’s understanding that the f0 does not have to be on the channel raster nor the center of the RF filter

Appendix B. TS38.311-f10
[bookmark: _Toc510519304]5.3.1	OFDM baseband signal generation for all channels except PRACH




The time-continuous signal  on antenna port  and subcarrier spacing configuration  for OFDM symbol  in a subframe for any physical channel or signal except PRACH is defined by

	

where  is the time within the subframe, 






 is given by clause 4.2, and  is the subcarrier spacing configuration. The starting position of OFDM symbol  for subcarrier spacing configuration in a subframe is given by






The value of  is obtained from the higher-layer parameter k0 and is such that the lowest numbered subcarrier in a common resource block for subcarrier spacing configuration  coincides with the lowest numbered subcarrier in a common resource block for any subcarrier spacing configuration less than .
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