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1 Introduction
Channel raster was discussed for several meetings and good progress was made in [1] with almost agreed raster for each frequency range. However, the WF only includes the raster value but where the raster among so many subcarriers is not discussed and agreed yet. Furthermore, what is the meaning of the channel raster and its relationship with RF DC, BB DC is also not clarified as questioned in [2] [3]. This contribution further discusses the concept of the raster and the relationship between these things. 
· Channel raster for LTE re-farming bands up to 2.4GHz (frequency range below Band 41) is based on 100kHz(same as LTE)
· FFS: Potential optimization for of the placement of secondary carrier including RB-alignment between primary and secondary carrier
· For Band 41, FFS 100kHz channel raster or subcarrier based raster should be used. 
· Channel raster for Bands above 2.6GHz (above Band 41) is tentatively agreed to be a subcarrier based raster (i.e 15kHz for range 1 and 60kHz for range 2), pending further check at AN4 NR AH#3 and RAN1 decision 
· If subcarrier based raster is finally agreed, Eexact position of the subcarrier raster in each band to be agreed in RAN4 NR AH#3 
· Send LS to RAN1 to ask RAN1 to enable “floating sync” in RAN4#83 (see Annex), subject to feasibility
· Floating sync enables SCS based raster and down selection of the sync raster for bands using 100kHz raster
2 Discussion
For LTE, the carrier frequency (EARFCN) which is over the channel raster has very clear physical meaning for single carrier as below:
Carrier frequency = the centre of TBWC = Carrier leakage frequency = Baseband DC
· TBWC is the transmission bandwidth configuration, above means the sub-carriers are symmetrical with the carrier frequency and the pass band of the digital filter equals to TBWC;
· Carrier leakage frequency means the RF LO frequency as the UE reference architecture is direct up-conversion from baseband to RF;
To achieve this, LTE carrier frequency is located over one sub-carrier for DL and between two sub-carriers for UL.
For NR, we can follow the same concept of channel raster of LTE then the carrier frequency can be between the centre two sub-carriers for both DL and UL since there is no additional DC sub-carrier for DL. Take CBW of 15MHz as an example as below figure, the spectrum utilization is 79RBs for 15kHz, 38RBs for 30kHz and 18RBs for 60kHz.
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Figure 1 Carrier frequency for NR following LTE method for 15MHz
Unfortunately, it violates RAN1 agreement on DC if the carrier frequency is equal to DC for UE direct up-conversion architecture.
Agreement 1:
· UL
· Transmit DC subcarrier at the transmitter (UE) side is modulated i.e., data is neither rate-matched nor punctured.
We can assume for NR carrier leakage can be different from carrier frequency even for single carrier, i.e, carrier frequency is still the centre of TBWC which is between the centre two sub-carriers but the carrier leakage is at the nearest centre sub-carrier as shown below. Then carrier frequency and carrier leakage have 7.5kHz offset. 
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Figure 1 Carrier frequency is different from carrier leakage frequency
It seems feasible but it is so weird because we really don’t need two positions to locate the RBs, one is carrier frequency over a raster and the other is carrier leakage frequency. If the carrier frequency is not the carrier leakage frequency, then it has no physical meaning from implementation point of view but only used for locating RBs which carrier leakage frequency can also do. Since the carrier leakage location is anyway needed for receiver demodulation, we can only use carrier leakage frequency to locate the RBs and the carrier frequency is the same with the carrier leakage frequency as in Figure 2.
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Figure 1 Carrier frequency is carrier leakage frequency
Proposal 1: It should be clarified first that
· whether carrier frequency is at the nearest centre subcarrier or at the centre of TBWC (between the centre two sub-carriers as LTE)

· whether carrier frequency (EARFCN) is the same as carrier leakage frequency (RF LO) for single carrier
Below section assumes carrier frequency (EARFCN) is the same as carrier leakage frequency (RF LO) for single carrier and at the nearest centre subcarrier to meet RAN1 agreement.
However, when we consider other sub-carrier spacing, several other issues appear. Below PRB grid comply with the nested PRB grid based on RAN1 “nested” agreement.
Agreement 2:
· In one carrier when multiple numerologies are time domain multiplexed,

· RBs for different numerologies are located on a fixed grid relative to each other
· For subcarrier spacing of 2n * 15kHz, the RB grids are defined as the subset/superset of the RB grid for subcarrier spacing of 15kHz in a nested manner in the frequency domain
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Figure 3 PRB grid for 15MHz in nested manner
According to the following RAN1 agreement, 
Agreement 3:
· Subcarrier grid in NR is Alt.1, i.e., “Assuming the subcarriers in a PRB are numbered from 0 to 11, for a given SCS F0, subcarrier 0 always coincide with a subcarrier 0 of all SCS of order less than F0.”

The centre of TBWC and carrier frequency (at the centre subcarrier as soon as possible and equal to carrier leakage frequency) is illustrated as below figure. It is very obviously that the RF LO should not be changed for each subcarrier spacing if mixed numerology in TDM manner is assumed to be supported. So the carrier frequency and RF LO is the same for all subcarrier spacings.
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Figure 3 TBWC centre and carrier frequency assumption for 15MHz
From above figure, you may already find the problems:

· For 30k and 60k SCS, carrier frequency is not at the nearest centre sub-carrier.

· RF LO (carrier leakage) is actually not at a modulated sub-carrier for 60kHz sub-carrier spacing which means the agreement 1 can not always be met.
Observation 2: For 30k and 60k SCS, carrier frequency is not at the nearest centre sub-carrier.

Observation 3: RAN1 agreement1 and agreement 2/3 above are contradictory in some cases.
In order to solve the contradictory, some assumptions are listed as below to align the understanding as well as above RAN1’s agreements:

Assumption 1: RF LO should not be changed for each subcarrier spacing if mixed numerology in TDM manner is assumed to be supported.

Assumption 2: The carrier frequency (EARFCN) should be the same for each subcarrier spacing.

Assumption 3: Carrier frequency (EARFCN), BB DC (zero frequency of BB signal) and RF LO (carrier leakage) should be the same for single carrier.

Assumption 4: Carrier frequency should be at the centre of TBWC, if not possible, at least at the nearest centre subcarrier.
Agreement 1: Transmit DC subcarrier at the transmitter (UE) side is modulated.

Agreement 2: PRB gird for each subcarrier spacing is in a nested manner.

Agreement 3: For a given SCS F0, subcarrier 0 always coincides with a subcarrier 0 of all SCS of order less than F0.

Proposal 2: RAN4 should evaluate the reasonability and feasibility of above assumptions and agreements which may contradict with each other and make a decision.
Proposal 3: Send LS to RAN1 on the clarifications on the issues in proposal 1 and 2.
3 Conclusion

This contribution discusses the concept of channel raster for NR as well as its relationship with RF LO and makes some proposals as below:
Proposal 1: It should be clarified first that
· whether carrier frequency is at the nearest centre subcarrier or at the centre of TBWC (between the centre two sub-carriers)

· whether carrier frequency (EARFCN) is the same as carrier leakage frequency (RF LO) for single carrier
Proposal 2: RAN4 should evaluate the reasonability and feasibility of above assumptions and agreements which may contradict with each other from implementation point of view and make a decision.

Proposal 3: Send LS to RAN1 on the clarifications on the issues in proposal 1 and 2.
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