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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4 #84 meeting in Berlin, there was discussion whether if further clarification on the UL subcarrier alignment was required [1] and was decided to continue to discuss the issue in AH#3.
2	Discussion
There seems to be a confusion on the channel raster and carrier frequency in the paper [1]. The channel raster defines a unique carrier frequency for modulation and up-conversion, which is defined as an absolute frequency, EARFCN in LTE. There has been no confusion about the carrier frequency either in RAN1 or RAN4 specs, though how to define the carrier number is not decided yet for the NR. Then, the subcarrier grid is defined in RAN1 spec and the uplink subcarrier shift of 7.5kHz will be used to have the aligned grid with LTE as clarified in the LS [2]. Therefore, one of the subcarriers (for 15kHz SCS) is located at the carrier frequency if no shift is applied. There is no ambiguity in subcarrier absolute frequencies.


Figure 1 Relationship of carrier frequency and subcarrier/PRB grid
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Observation 1: No further clarification is needed from RAN1 regarding the uplink subcarrier alignment.

Further [1] discusses the LO frequencies for different UE transmitter implementations for NR-LTE coexistence. The carrier frequency and subcarrier grid is the same among two RATs after applying the 7.5kHz subcarrier grid shift in the NR. 
The LO frequency is implementation specific. It may or may not be the same as the carrier frequency. All the architectures presented in [1] is not excluded as far as all relevant RF requirements (such as uplink EVM) are met.
Observation 2: There is no restriction on frequency generation implementation as far as RAN4 RF requirements are satisfied.

The treatment of DC subcarrier agreed in NR study item phase [3] is included in Appendix. In this context, DC is a subcarrier affected by frequency generation, where the modulation quality may be poor. It has not been discussed yet in RAN4 if the UL DC subcarrier should be clarified in the spec or should require a higher layer signaling to indicate it to the network. Furthermore, if DC subcarrier is defined, the definition of EVM (if DC is included in EVM calculation) needs to be further clarified.
As already discussed above, LO frequencies are implementation specific. For mmWave bands, the transmitter is not likely based on the direct conversion. There would be no need of indicating a specific subcarrier that is severely affected by the LO or IF frequency. For the bands below 6GHz, the direct conversion transmitter is widely used and the subcarrier modulated by the LO frequency could be affected. However, as it is also implicated in [1], LO frequency can be shifted and a counter shift to compensate it can be done in the baseband. Even without such a trick, only one subcarrier is affected with a poor modulation quality. The impact to overall transmission bandwidth is not critical and higher layer indication cannot be justified only to benefit some specific implementations that cannot meet the requirement such as EVM. Therefore, we propose not to specify any DC explicitly in RAN4. We also propose that EVM is calculated for all the subcarriers used for transmission.
Proposal 1: RAN4 specs shall be transparent to frequency generation and an explicit DC subcarrier will not be specified.

3	Conclusion
Observation 1: No further clarification is needed from RAN1 regarding the uplink subcarrier alignment.
Observation 2: There is no restriction on frequency generation implementation as far as RAN4 RF requirements are satisfied.
Proposal 1: RAN4 specs shall be transparent to frequency generation and an explicit DC subcarrier will not be specified.
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Appendix: DC subcarrier description in TR38.912 [3]
No explicit DC subcarrier is reserved both for downlink and uplink. Regarding DC present within the transmitter, DC handling of DC subcarrier in transmitter side is specified as follows:
-	Receiver knows where DC subcarrier is or is informed (e.g., by specification or signaling) of where DC subcarrier is or if DC subcarrier is not present within receiver bandwidth.
-	For the downlink, UE may assume transmitted DC subcarrier at the transmitter (gNB) side is modulated i.e., data is neither rate-matched nor punctured.
-	Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
-	For the uplink, transmitted DC subcarrier 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 subcarriers is up to RAN4.
-	For the uplink, the transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DM-RS if possible. 
-	For the uplink the specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs
-	For the uplink, means for the receiver to determine DC subcarrier location should be specified.
-	This involves semi-static signalling from UE and also standard specified DC subcarrier location.
-	When DC subcarrier is not present, all subcarriers within the receiver bandwidth are transmitted.
Note that above DC subcarrier can be interpreted as DC subcarrier candidate.
On the other hand, at the receiver side, no special handling of the DC subcarrier(s) on the receiver side is specified in RAN1. Behavior is left to implementation, i.e., the receiver may for example puncture data received on the DC subcarrier.
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