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Introduction
Most of outstanding aspects of BWP operation have been resolved and captured in the Rel-15 specifications. This contribution addresses two open issues. A first issue is on OFDM symbol generation and pre-compensation [1] discussed by email after RAN1#91. A second issue involves frequency resource allocation for BWP operation.
  
UE Specific BWP Operation
The issue raised in the email discussion is that a UE could not compensate for the phase offset caused by the misalignment of center frequency between TX and RX when a UE configured BWP do not need to align its transmit center frequency with the center frequency of the carrier.  In particular, a phase ramp occurs when the UE is not aware of the transmit center frequency.  The UE also needs to 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 degrade the performance of the frequency tuning of the local oscillator to meet the 0.1ppm frequency stability requirements. In this section we discuss the handling of the phase offset after IFFT processing at the UE receiver for BWP operation when the center frequency of BWP is not aligned with center frequency of DL cell.
NR supports dynamic allocation of operation bandwidth and BWP operation in NR wideband system, where the center frequency of the SSB and the operation BW do not need to be aligned with the center frequency of the carrier (cell). A UE would use the center frequency of the configured BWP as the center frequency for the IFFT processing at the baseband processing. If the center frequency of the BWP is different to that of the transmitter, the FFT processing at the receiver would generate additional phase offset of the OFDM signals. In [1], it was proposed to pre-compensate some or all DL physical channels to minimize the performance degradation caused by excessive phase offset from the output of IFFT at the UE receiver for BWP operation.   
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 pre-compensation of the phase offset are UE-specific configured for the operation BWP.  The physical channel with phase offset pre-compensation would not have the residual phase offset in the RS signals after IFFT processing, which is used for the channel tracking and channel estimation.  If the operation BWP are not the same for all UEs, the common physical channels, such as GC-PDCCH and CSI-RS, could not share with other UEs if the phase offset is pre-compensated. The potential issues of phase offset pre-compensation are as follows,
· Common physical channel shared by some or all UEs – The common physical channels and reference signals, such as GC-PDCCH, CORESET, and CSI-RS, could be configured to UEs with different BW in the BWP operation.  An example of different BWP configuration and common physical channels and RS is shown in Figure 1.   Since the phase offset pre-compensation is UE-specific based on the center frequency of the configured BWP for each UE, it would have different phase offset values for different UEs to be pre-compensated.  This would not work for common physical channels shared by all UEs as shown in Figure 1.

· Beamforming of physical channel – The digital and analog beamforming are performed through the phase rotation.  If additional phase offset is pre-compensated at the transmitter for each configured BWP, the UE could receive its DL transmission correctly after IFFT processing.   However, the co-channel interference to other UEs would increase since the additional phase offset pre-compensation has similar effect of beam steering to other direction.   


[bookmark: _Ref503520470]Figure 1: UE specific BWP configuration and common physical channels

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.   

On frequency domain resource allocation
If a UE is configured with multiple DL or UL BWPs in a serving cell, an inactive DL/UL BWP can be activated by a DCI scheduling a DL assignment or UL grant respectively in this BWP. An open issue is whether the DCI format size is dependent on, or independent of, the BW of the active DL/UL BWP. This primarily involves the bit width of the frequency domain resource allocation field. If dependent on the BWP size it may lead to increased number of blind decodes as the DCI payload sizes would be different. Making it independent implies an RA field size that is fixed to the largest BWP regardless of which BWP the UE monitors on. To see the impact of this proposal we consider bit width of the frequency domain RA field using the number of PRBs defined by RAN4 for FR1 and 15 KHz subcarrier spacing. 

Table 1 shows the required bit widths for the resource allocation field for both RA Type0 and Type 1 for a carrier bandwidth of 50 MHz, 15 KHz SCS and different BWP sizes, P. The minimum BWP size shown of 25 PRBs matches the minimum carrier BW in FR1 for 15 KHz SCS. It was agreed to support two configurations for the BWP sizes for different BW ranges. The selected sizes are based on the RBG size proposal in [2], where the objective is to match LTE RA field bit widths as much as possible. 
[bookmark: _Ref494633711]Table 1 Required bit width of resource allocation field for different BWP sizes
	Carrier BW
(MHz/NRB)
	BWP size
(NBWP-RB)
	Type0 RA
	Type1 RA

	
	
	P
	
	

	50/270
	270
	16
	17
	16

	
	52
	4
	13
	11

	
	25
	2
	13
	9



It can be seen for Type0 RA that even when P = 16 is used to reduce the RA field bit width there would be an increase of 4 bits for a DCI scheduled on the smaller BWP of 25 PRBs. For Type1 RA it is even worse as 7 additional bits have to be supported. It should be noted that the issue of maintaining same DCI format size can be mitigated for Type0 by designing one of the two RBG configurations with similar RBG sizes for typical BWP sizes. Such a solution would not work for Type1 but as observed in Table 1 DCI overhead penalty is prohibitive.
In [2] we proposed an alternative solution, where the DCI format size depends on the BW of the BWP containing the PDCCH. To avoid an increase in the number of blind decodes, the UE can interpret the RA field based on the scheduled BWP. For example, for a transition from a small BWP to a larger BWP, the UE interprets the RA field as being only the LSBs of the required RA field for scheduling the larger BWP. The scheduling restriction is not a serious issue as the UE may not have performed CSI measurements on the target BWP and the gNB scheduling may be conservative to begin with. 
Proposal: The DCI format size corresponding to a PDCCH received in a search space on the active DL BWP depends on the BW of the active DL or UL BWP.

Conclusion
In this contribution, we analyzed 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.   
We also discussed PDSCH/PUSCH frequency resource allocation within a BWP with the following proposal
· Proposal: The DCI format size corresponding to a PDCCH received in a search space on the active DL BWP depends on the BW of the active DL or UL BWP.
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