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Annex C (informative): Calculation of test frequencies
Test frequencies are defined in clause 4.3.1 with extensions for signalling test cases in clause 6.2.3. This annex gives a guideline to determine these test frequencies for a given band.
C.1
Definitions and Parameters
Figure C.1-1 shows SSB and CORESET#0 and related parameters.
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Figure C.1-1: location of SSB and CORESET#0 within a channel
The following definitions are used in figure C.1-1:

	NR_ARFCNCarrier
	Centre frequency of the carrier according to the channel raster of the band (TS 38.101-1 clause 5.4.2.3)

	ARFCNSSB
	ARFCN as provided as absoluteFrequencySSB to the UE (FrequencyInfoDL); corresponds to the GSCN of the SSB (i.e. the GSCN corresponds to the same frequency as absoluteFrequencySSB)

	ARFCNPointA
	ARFCN as provided as absoluteFrequencyPointA to the UE (FrequencyInfoDL)

	carrierBandwidth
	carrierBandwidth as provided to the UE (SCS-SpecificCarrier)

	offsetToCarrier
	offsetToCarrier as provided to the UE (SCS-SpecificCarrier)

	OffsetSSB-CORESET0
	offset between the lowest subcarrier of the SSB and the lowest subcarrier of CORESET#0; the offset consists of the number of RBs given by Offset(RBs) in tables 13-X of TS 38.213, the number of 15kHz subcarriers given by kSSB

	OffsetCORESET0-Carrier
	offset between the lowest subcarrier of CORESET#0 and the lowest subcarrier of the carrier; the offset is a multiple of resource blocks.

	OffsetSSB-Carrier
	offset between the lowest subcarrier of the SSB and the lowest subcarrier of the carrier


Further definitions used in this annex:

	kSSB
	as defined in TS 38.211 [XX] clause 7.4.3.1

	SCSCarrier
	subcarrier spacing for the carrier:
FR1:
15kHz, 30kHz or 60kHz according to TS 38.101-1 [7] Table 5.3.5-1 

FR2:
60kHz or 120kHz according to TS 38.101-2 [8] Table 5.3.5-1

	SCSSSB
	SS/PBCH block subcarrier spacing

FR1:
15kHz or 30kHz according to TS 38.101-1 [7] Table 5.4.3.3-1

FR2:
120kHz or 240kHz according to TS 38.101-2 [8] Table 5.4.3.3-1

NOTE: According to the tables in clause 13 of TS 38.213 [22] not all combinations of SCSSSB and SCSCarrier are applicable

	SCSkSSB
	Step size for kSSB (see TS 38.211 [XX] clause 7.4.3.1):


15kHz for SCSSSB ( {15kHz, 30kHz} 


SCSCarrier otherwise

	SSREF
	Centre frequency of SSB corresponding to a valid GSCN value according to clause 5.4.3.1 of TS 38.101-1 [7] and TS 38.101-2 [8].

	FLow
	as defined in clause 5.2 of TS 38.101-1 [7] and TS 38.101-2 [8]

	FHigh
	as defined in clause 5.2 of TS 38.101-1 [7] and TS 38.101-2 [8]

	ΔFRaster
	as defined in clause 5.4.2.3 of TS 38.101-1 [7] and TS 38.101-2 [8]

	FChannel
	Centre frequency of a channel corresponding to its NR-ARFCN value

	BWChannel
	BWChannel = 12 * SCSCarrier * NRB 

with NRB according to Table 5.3.2-1 of TS 38.101-1 [7] and TS 38.101-2 [8]

	BWSSB
	BWSSB = 12 * SCSSSB * 20

	ΔGSCN
	GSCN step size according to table 5.4.3.3-1 of TS 38.101-1 [7] and TS 38.101-2 [8]

	OffsetRBs
	Offset (RBs) according to tables of clause 13 in TS 38.213 [22]

	OffsetRBs,max
	Maximum value for Offset (RBs) according to table 13.X in TS 38.213 [22] for a given band and {SCSSSB, SCSCarrier} combination

	OffsetRBs,min
	Minimum value for Offset (RBs) according to table 13.X in TS 38.213 [22] for a given band and {SCSSSB, SCSCarrier} combination


C.2
Frequency determination
Test frequencies are determined in two major steps: Firstly, the test frequencies are determined without consideration of any SSB and CORESET#0 alignment. Then, if the cell corresponds to a frequency channel that is selectable as PCell (i.e. has SSB scheduling), the lowest GSCN value is determined so that the SSB is fully within the channel (see figure C.1-1); kSSB and OffsetRBs are determined depending on the subcarrier spacing (SCSCarrier, SCSSSB). If no valid values for kSSB and OffsetRBs can be found for a given channel, the channel frequency is shifted to the nearest frequency allowing valid values.

C.2.1
Frequency determination independent from GSCN raster

Channel frequencies are determined taking into account the channel raster according to clause 5.4.2.3 in TS 38.101-1 [7] for FR1 and in TS 38.101-2 [8] for FR2. 
C.2.1.1
Determination of Low-, Mid- and High-Range
	FLowRange = Ceil((FLow + BWChannel/2) / ΔFRaster) * ΔFRaster
	C.2.1.1-Eq1

	FMidRange = Round((FLow + (FHigh - FLow )/2) / ΔFRaster) * ΔFRaster
	C.2.1.1-Eq2

	FHighRange = Floor(FHigh - BWChannel/2) / ΔFRaster) * ΔFRaster
	C.2.1.1-Eq3


FLowRange is rounded up and FHighRange is rounded down to obey to the minimum guard band according to clause 5.3.3 of TS 38.101-1 [7] and TS 38.101-2 [8].

C.2.1.2
Determination of Mid-Low and Mid-High-Range for signalling tests

	FMid-LowRange = Round((FLowRange+ (FHighRange - FLowRange )/3) / ΔFRaster) * ΔFRaster
	C.2.1.2-Eq1

	FMid-HighRange = 

Round((FLowRange + 2*(FHighRange - FLowRange )/3) / ΔFRaster) * ΔFRaster
	C.2.1.2-Eq2


C.2.2
GSCN determination
C.2.2.1
Calculation of lower bound for SSREF and OffsetSSB-Carrier
	OffsetSSB-Carrier = SSREF - BWSSB / 2 – (FChannel – BWChannel / 2)
	C.2.2.1-Eq1

	Fssb,min = FChannel - BWChannel / 2 + BWSSB /2 + OffsetRBs,min * 12 * SCSCarrier
	C.2.2.1-Eq2


C.2.2.2
Calculation of GSCN

Calculation of GSCN according to clause 5.4.3.1 of TS 38.101-1 [7] and TS 38.101-2 [8] so that the GSCN has the minimum value for the corresponding SSB being fully above the lower edge of the channel. ( Fssb,min is rounded up to the next valid SSREF
	IF FR1 AND FChannel < 3GHz THEN

	N = Ceil((Fssb,min – M * 50) / 1.2MHz)

with

M ( {1, 3, 5} for ΔFRaster = 100kHz

M = 3 otherwise
	C.2.2.2-Eq1a

	GSCN’ = 3 * N + (M - 3) / 2

for ΔFRaster = 100kHz M is selected out of {1, 3, 5} 
so that OffsetSSB-Carrier (according to equation C.2.2.1-Eq1) is a multiple of 15kHz (SCSkSSB for bands with 100kHz raster)
	C.2.2.2-Eq2a

	ELSE IF FR1 AND FChannel >= 3GHz THEN

	N = Ceil((Fssb,min – 3000MHz) / 1.44MHz)
	C.2.2.2-Eq1b

	GSCN’ = 7499 + N
	C.2.2.2-Eq2b

	ELSE IF FR2 THEN

	N = Ceil((Fssb,min – 24250.08MHz) / 17.28MHz)
	C.2.2.2-Eq1c

	GSCN’ = 22256 + N
	C.2.2.2-Eq2c

	END

	GSCN = Ceil(GSCN’ / ΔGSCN) * ΔGSCN
	C.2.2.2-Eq3


C.2.2.3
Calculation of OffsetRBs and kSSB
OffsetRBs and kSSB are calculated based on the assumption that CORESET#0 is at the bottom of the channel i.e. OffsetCORESET0-Carrier = 0 and therefore OffsetSSB-Carrier = OffsetSSB-CORESET0 as according to equation C.2.2.1-Eq1.

	OffsetRBs’ = Floor(OffsetSSB-Carrier / (12 * SCSCarrier))
	C.2.2.3-Eq1

	kSSB’ = Floor((OffsetSSB-Carrier - 12 * SCSCarrier * OffsetRBs’) / SCSkSSB)
	C.2.2.3-Eq2

	IF SCSCarrier == 15kHz AND (OffsetRBs MODULO 2) > 0 THEN

	OffsetRBs = OffsetRBs’ - 1
	C.2.2.3-Eq3a

	kSSB = kSSB’ + 12
	C.2.2.3-Eq4a

	ELSE

	OffsetRBs = OffsetRBs’
	C.2.2.3-Eq3b

	kSSB = kSSB’
	C.2.2.3-Eq4b

	END


If the calculated value of OffsetRBs is valid according to TS 38.213 [22] clause 13, CORESET#0 is at the bottom of the channel and no channel shifting is required. Otherwise to achieve a valid OffsetRBs and OffsetCORESET0-Carrier to be 0 the channel frequency can be aligned as per C.2.3.
C.2.3
Channel alignment to GSCN raster
If the value of OffsetRBs is not valid according to TS 38.213 [22] clause 13, FChannel may be shifted up or down to FChannel,shifted:
The shifting is done so that the following requirements are fulfilled:

	OffsetRBs,shifted and kSSB,shifted are valid according TS 38.213 [22] clause 13
	(C.2.3-R1)

	OffsetCORESET0-Carrier,shifted = 0, i.e. CORESET#0 is at the bottom of the channel
	(C.2.3-R2)

	ΔFShift = Abs(FChannel – FChannel,shifted) has a minimum value
	(C.2.3-R3)


C.2.3.1
Further definitions
	ΔFShift
	Absolute value of the difference between the channel frequency as calculated according to C.2.1.1 or C.2.1.2 and the shifted value as according to this clause.

	ΔFShift,down
	Distance between FChannel and the next frequency below FChannel fulfilling the requirements

	ΔFShift,up
	Distance between FChannel and the next frequency above FChannel fulfilling the requirements

	OffsetRBs,below
	Maximum value for offset (RBs) in the applicable table of TS 38.213 [22] clause 13 below OffsetRBs as calculated in C.2.2.3

	OffsetRBs,above
	Minimum value for offset (RBs) in the applicable table of TS 38.213 [22] clause 13 above OffsetRBs as calculated in C.2.2.3;

NOTE: for OffsetRBs > OffsetRBs,max there is no OffsetRBs,above

	kSSB,max
	Maximum value for kSSB depending on SCSCarrier:


kSSB,max = 23
for SCSCarrier = 15kHz


kSSB,max = 22
for SCSCarrier = 30kHz (NOTE)


kSSB,max = 11
otherwise

NOTE: In accordance to C.2.2.1-Eq1 OffsetSSB-Carrier needs to be a multiple of 30kHz for SCS spaced channel raster with SCS=30kHz and therefore kSSB needs to be even. The case of 100kHz channel raster does not need to be considered as there is no band which requires channel shifting. 

	GSCNprev
	GSCNprev = GSCN - ΔGSCN

	SSREF,prev
	SSB centre frequency corresponding to GSCNprev


C.2.3.2
Calculation of shifted channel frequency
	ΔFShift,up = OffsetSSB-Carrier – (OffsetRBs,below * SCSCarrier * 12 + kSSB,max * SCSkSSB)
	C.2.3.2-Eq1

	IF OffsetRBs < OffsetRBs,max THEN

	ΔFShift,down = OffsetRBs,above * SCSCarrier * 12 - OffsetSSB-Carrier
	C.2.3.2-Eq2a

	ELSE

	ΔFShift,down = SSREF – SSREF,prev - OffsetSSB-Carrier + OffsetRBs,min * SCSCarrier * 12
	C.2.3.2-Eq2b

NOTE 1

	END

	IF FChannel == FLowRange OR (ΔFShift,up < ΔFShift,down AND FChannel ≠ FHighRange) THEN

	FChannel,shifted = FChannel + ΔFShift,up
	C.2.3.2-Eq3a

	ELSE

	FChannel,shifted = FChannel - ΔFShift,down
	C.2.3.2-Eq3b

	IF OffsetRBs > OffsetRBs,max THEN

	GSCNshifted = GSCN - ΔGSCN
	C.2.3.2-Eq4

	END

	END

	NOTE 1: when OffsetRBs > OffsetRBs,max then ΔFShift,down is calculated using GSCNprev


