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1.	Introduction
The definition of RF reference frequency and the center frequency in section 5 of 38.101-1, 38.101-2 and 38.104 may have some ambiguity. Fc is used in RF specifications as denotation of the center frequency of the RF channel where transmission bandwidth configuration resides centered. However, the definitions sections defines both FC and FREF as RF Reference Frequency. In this paper we discuss what is defined and introduce a possible clarifications.
2. 	Discussion
From the definitions clause 3.2:
FC	RF reference frequency on the channel raster, given in table 5.4.2.2-1
FREF	RF reference frequency

First, we believe the FC is definition needs to refer to the clause 5.4.2.2 instead of the table 5.4.2.2-1 alone. The clause is pasted below for easier reading. The yellow highlighted part is essential for the definition of the FC. The clause 5.4.2.2 tells how to find the center most subcarrier, in Table 5.4.2.2-1, and then defines the FC to be that frequency. It relies on that NRB and its location is known. This is done with the aid of FREF. This information is not written in 5.4.2.2 and could be considered as an improvement here. 
[bookmark: _Toc21342870][bookmark: _Toc29769831][bookmark: _Toc29799330][bookmark: _Toc37254554][bookmark: _Toc37255197][bookmark: _Toc45887221][bookmark: _Toc53171958][bookmark: _Toc61356723][bookmark: _Toc67913592][bookmark: _Toc75469408][bookmark: _Toc76507898][bookmark: _Toc83192799]5.4.2.2	Channel raster to resource element mapping
The mapping between the RF reference frequency on the channel raster and the corresponding resource element is given in Table 5.4.2.2-1 and can be used to identify the RF channel position. The mapping depends on the total number of RBs that are allocated in the channel and applies to both UL and DL. The mapping must apply to at least one numerology supported by the UE.
Table 5.4.2.2-1: Channel raster to resource element mapping
	

	NRBmod2 = 0
	NRBmod2 = 1

	
Resource element index 
	0
	6

	
Physical resource block number 
	

	





, nPRB, NRB are as defined in TS 38.211[6].
One detail also needs to be corrected that NRB is defined in 38.101, not in 38.211. 
The other RF reference frequency is defined in 5.4.2.1. 
[bookmark: _Toc21342869][bookmark: _Toc29769830][bookmark: _Toc29799329][bookmark: _Toc37254553][bookmark: _Toc37255196][bookmark: _Toc45887220][bookmark: _Toc53171957][bookmark: _Toc61356722][bookmark: _Toc67913591][bookmark: _Toc75469407][bookmark: _Toc76507897][bookmark: _Toc83192798]5.4.2.1	NR-ARFCN and channel raster
The global frequency channel raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in signalling to identify the position of RF channels, SS blocks and other elements.
The global frequency raster is defined for all frequencies from 0 to 100 GHz. The granularity of the global frequency raster is ΔFGlobal.
RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range (0…2016666) on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN.
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666



The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.
This is further explained in 38.211:
[bookmark: _Toc19796387][bookmark: _Toc26459613][bookmark: _Toc29230257][bookmark: _Toc36026516][bookmark: _Toc45107355][bookmark: _Toc51774024][bookmark: _Toc106014713]4.4.4.2	Point A
Point A serves as a common reference point for resource block grids and is obtained from:
-	offsetToPointA for a PCell downlink where offsetToPointA represents the frequency offset between point A and the lowest subcarrier of the lowest resource block, which overlaps with the SS/PBCH block used by the UE for initial cell selection, expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FR1 and 60 kHz subcarrier spacing for FR2; 
-	for operation without shared spectrum channel access in FR1 and FR2-1, the lowest resource block has the subcarrier spacing provided by the higher layer parameter subCarrierSpacingCommon;
-	for operation with shared spectrum channel access in FR1 or FR2, and for operation without shared spectrum channel access in FR2-2, the lowest resource block has the subcarrier spacing same as the SS/PBCH block used by the UE for initial cell selection;
-	absoluteFrequencyPointA for all other cases where absoluteFrequencyPointA represents the frequency-location of point A expressed as in ARFCN.
From these specifications, the procedure is such that UE receives NR-ARFCN number in absoluteFrequencyPointA and offsetToPointA and uses that the formula from 38.101 5.4.2.1 to determine the “the lowest subcarrier of the lowest resource block”. In signalling, also carrierBandwidth is informed to the UE. With this, UE knows the first subcarrier and NRB and is able to determine with clause 5.4.2.2 where the center most subcarrier lies (*) and then assumes the RF chanlle and emission requirements apply in reference to this frequency. 
The ambiguity in RAN4 specifications is that using the same term, RF reference frequency, for the center most subcarrier and to this FREF that merely a frequency that is used in the process of identifying subcarrier 0, is confusing and may lead the reader to think the center frequency is the one that is told to the UE. 
A simple way to enhance the readability is to change the terminology such that FC is called as center frequency. Only caveat with this is that the center most subcarrier is not exactly at the center in all cases but maybe SCS/2 away from it..
Proposal for discussion: Rename FC to be center frequency of the RF channel defined by the frequency of the center most subcarrier.  
Language in 5.4.2.2 would also have to be changed. 
Why this is relevant, everything works since UEs and gNBs understand each other, is because the symbols section has a lot of offsets and other parameters that define distances in frequency to some points. Also in RF section, there are many offsets and guard bands but the basis how these are defined seems little unclear. For example, is UAV WI, some guard bands are needed and one way to do this is to define a set of ARFCNs that are not valid. However, what part of the RF channel is an ARFCN linked to is unclear, or atleast little difficult to read. So in order to prevent every project to come up with a new way to define a guard band or and offset, the terminology should be clarified and use existing terms that can be linked to signalled parameters used.

*In practice, this is more complicated since the offsets, configured BWPs and 7.5 kHz offset, but they are variable in the process. Also to be noted that offsetToPointA moves the reference point

Conclusion
We discussed some ambiguity in use of RF reference frequency in section 5 and proposed improvement. We hope to discuss this proposal in this meeting but do not expect a formal agreement. 
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