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Introduction

OFDM symbol generation and pre-compensation [1] was in the email discussion after RAN1#91.  The issues raised in the email discussion is that UE could not compensate for the phase offset caused by the misalignment of center frequency between Tx and Rx when  NR SSB and UE configured BWP do not need to align its transmit center frequency with the center frequency of the carrier.  In particular, the phase ramp occurs when UE does not aware the transmit center frequency.  UE needs to also perform channel tracking, which includes timing and CFO estimation.   If the phase offset is not pre-compensated, UE might not estimate the frequency offset accurately.  The residual frequency offset could the performance of the frequency tuning of the local oscillator to meet the 0.1 ppm frequency stability requirements.  
In this contribution, we discuss the effect of the center frequency misalignment between the transmitter and the receiver.    
OFDM Symbol Generation and Compensation 

NR supports dynamic allocation of operation bandwidth, which the center frequency of the SSB and the operation BW do not need to be aligned with the center frequency of the carrier (cell).   UE would use the central frequency of the detected signal or the configured bandwidth as the center frequency for the baseband processing.   If the center frequency assumed by the UE is different to that of the transmitter, the FFT processing at the receiver would generate the phase offset of the OFDM signals.   The issue raised in [1] is that the phase offset might degrade the performance of the baseband processing at the UE receiver.    The transmitter could pre-compensate the phase offset to avoid the performance degradation.   Three alternatives of phase pre-compensation [1] were proposed in the following, 
· Option 1)
· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH as phase reference
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of SS/PBCH as phase reference
· For all other signals/channels, gNB does not pre-compensate phase
· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation at the Rx side
· Option 2)
· gNB pre-compensates phase of OFDM symbols of SS/PBCH using center frequency of SS/PBCH as phase reference
· gNB pre-compensates phase of OFDM symbols of RMSI PDCCH and PDSCH using center frequency of RMSI CORESET as phase reference
· For all other signals/channels, gNB does not pre-compensate phase.
· Note: UE will utilize channel bandwidth and k0 signaling in RMSI for any needed compensation at the Rx side
· Option 3)
· gNB pre-compensates all OFDM symbols using Tx center frequency as phase reference
· It is expected that UE compensates phase of OFDM symbols at the Rx side using Rx center frequency as phase reference

The pre-compensated phase offset of some OFDM symbols at the gNB transmitter would compensate the phase offset of any physical channels caused by misalignment of the center frequency between the transmitter and receiver after the FFT processing at the UE receiver.  The physical channels with phase offset pre-compensation would not have the factor of phase offset in the channel tracking and channel estimation.   For PSS/SSS, there is no need to pre-compensate the phase offset since it does not multiplex with other physical channels and not go through the IFFT processing.    
For Option 1, the phase offset would be pre-compensated on SS/PBCH, RMSI PDCCH and RMSI PDSCH using the center frequency of SS block.   If the resource allocation of RMSI PDCCH and PDSCH is outside the 5 MHz BW of SS blocks, there would be residual phase offset left on the RMSI PDCCH and PDSCH.  The rest of physical channels would also have the residual phase offset.   
For Option 2, the phase offset would be pre-compensated on SS/PBCH using the center frequency of SS block and RMSI PDCCH/PDSCH using center frequency of RMSI PDCCH/PDSCH.  There is no residual phase offset on PBCH and RMSI PDCCH/ PDSCH caused by misalignment of center frequency between Tx and Rx.  However, the rest of physical channels would still have residual phase offset.   
 For Option 3, the phase offset would be pre-compensated on all physical channel based on the center frequency of its operating bandwidth.  There is no residual phase offset on all physical channels for a given UE.   The phase offset compensation is UE-specific due to operation BWP.  If the operation BWP are not the same for all UEs, the common physical channels, such as CSI-RS, could not share with other UEs if the phase offset is pre-compensated.   This will incur large system overhead.  
If we consider the effect of radio channel, the phase offset caused by center frequency misalignment between Tx and Rx would be included in the phase offset estimation in the channel estimation if the DM RS is included in any DL physical channel.  The DM RS channel estimation would consider the phase offset caused by the misalignment of center frequencies between transmitter and receiver as part of channel effect after the FFT at the receiver (in addition to actual channel phase offset).  The channel gain and phase compensation based on channel estimation results from DMRS at the receiver would mitigate the effect of phase offset caused by misalignment of center frequency between transmitter and receiver.  The effect of phase offset caused by misalignment of center frequency between Tx and Rx after channel compensation would be negligible.      
If the phase offset caused by misalignment of center frequency is embedded in the RS used for channel tracking, the frequency offset estimation would also take the frequency offset caused by radio channel and phase offset after IFFT caused by center frequency misalignment.   The estimated frequency error would be used to adjust the clock rate from local oscillator.  This would be used to improve the frequency stability of the local oscillator to meet stability requirement at 0.1 ppm.   Thus, no phase offset pre-compensation is needed for any physical channels when the Tx and Rx center frequency is not aligned.   
Proposal:   No phase offset pre-compensation is needed for any physical channels at the Tx when the center frequency of the receiver is not aligned with the center frequency of the transmitter.   

Conclusion
In this contribution, we analyze the phase offset after IFFT at the receiver caused by center frequency misalignment between transmitter and receiver.   After the detailed analysis of all three options proposed in [1], we have the following proposal,
· Proposal:   No phase offset pre-compensation is needed for any physical channels at the Tx when the center frequency of the receiver is not aligned with the center frequency of the transmitter.   
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