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1 Introduction
The concept of the raster and its relationship with the centre of TBWC, carrier leakage frequency, baseband DC is discussed in [1]. This contribution further discusses the DC location issue for each scenario.
2 Discussion
Since carrier leakage is very harmful to demodulation performance, RAN1 has agreed that the receiver needs to know the transmitter DC location to assist the demodulation through the manner either be informed or specified:
Agreement 1:
· UL
· Transmit DC sub-carrier at the transmitter (UE) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC sub-carriers is up to RAN4.
· The transmitter DC sub-carrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible
· The specification should define at least one particular sub-carrier as the candidate position of DC sub-carrier, e.g., DC sub-carrier is located at the boundary of PRBs
· This should be considered in the RS design for NR
· Specify means for the receiver to determine DC sub-carrier location
· This involves semi-static signalling from UE and also standard specified DC sub-carrier location
· FFS how to determine and how to indicate DC sub-carrier location in the case of bandwidth adaptation
As what we discussed and assumed in [1], the carrier leakage should be at the same frequency with carrier frequency as what LTE specifies for single carrier due to direct up-conversion UE architecture.
LTE requirements for single carrier:

Carrier leakage is an additive sinusoid waveform that has the same frequency as a modulated waveform carrier frequency. The measurement interval is one slot in the time domain.
Assumption in [1]:
Assumption 3: Carrier frequency (EARFCN), BB DC (zero frequency of BB signal) and RF LO (carrier leakage) should be the same for single carrier.

Proposal 1: For single carrier, the carrier leakage should be specified at carrier frequency for normal case. For UL sharing case, exceptions should be allowed which is discussed in [2].
For wideband operation or CA operation, if the RF chain has the capability to transmit the total bandwidth, then RF LO will be different and illustrated as below figure.

[image: image1]
Figure 1 LO location for wideband and CA operation

LO location should be at the centre of the total RF bandwidth for direct up-conversion UE architecture:
For CA operation with non-zero guard band

· If the centre of total RF bandwidth is blank, then there is no DC sub-carrier;

· If the centre of total RF bandwidth is within one carrier, then the DC location should be signalling. However, it is unknown whether the carrier leakage should be at a modulated sub-carrier or between two sub-carriers, it is not appropriate to limit the implementation.
For wideband operation with zero guard band

· If the centre of total RF bandwidth is at the boundary of two carriers, then the DC sub-carrier should be between two sub-carriers;

· If the centre of total RF bandwidth is within one carrier, then the DC location should be signalling. However, it is unknown whether the carrier leakage should be at a modulated sub-carrier or between two sub-carriers, it is not appropriate to limit the implementation.
Based on above analysis, carrier leakage is not always at one modulated sub-carrier and if carrier leakage is between two sub-carriers, should both the two sub-carriers be signalling?
Proposal 2: For wideband operation or CA operation, the DC location should be signalling. 

Proposal 3: For wideband operation or CA operation, the carrier leakage may be at a modulated sub-carrier or between two sub-carriers. If carrier leakage is between two sub-carriers, both the two sub-carriers should be signalling.
Proposal 4: Send LS to RAN1/RAN2 to inform the DC decision of RAN4.
3 Conclusion

This contribution discusses the DC location and makes some proposals as below:
Proposal 1: For single carrier, the carrier leakage should be specified at carrier frequency for normal case. For UL sharing case, exceptions should be allowed which is discussed in [2].
Proposal 2: For wideband operation or CA operation, the DC location should be signalling. 

Proposal 3: For wideband operation or CA operation, the carrier leakage may be at a modulated sub-carrier or between two sub-carriers. If carrier leakage is between two sub-carriers, both the two sub-carriers should be signalling.
Proposal 4: Send LS to RAN1/RAN2 to inform the DC decision of RAN4.
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Wideband with zero guard band





CA with non-zero guard band
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