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Annex C (informative): Calculation of test frequencies

Editor’s note:
Description of frequency determination for CA and DC configuration need to be added.

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 and the associated signalling parameters for a given band, CA or DC band combination.
C.1
Definitions and Parameters

Figure C.1-1 shows SSB and CORESET#0 and related parameters.


[image: image2]
Figure C.1-1: location of SSB and CORESET#0 within a channel
The following definitions are used in figure C.1-1:

	ARFCNChannel
	ARFCN of the centre frequency of the carrier (Fchannel) according to the channel raster of the band (TS 38.101-1 [7] clause 5.4.2.3)

	ARFCNSSB
	ARFCN of the SSB centre frequency (FSSref) according to the synchronisation raster of the carrier. ARFCNSSB is in signalling 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 of the reference Point A frequency (FPointA) according to the global channel raster as provided as absoluteFrequencyPointA to the UE (FrequencyInfoDL)

	FcarrierBandwidth
	FcarrierBandwidth is the carrier’s channel bandwidth as provided in carrierBandwidth to the UE (SCS-SpecificCarrier)

	FoffsetToCarrier
	FoffsetToCarrier is the frequency offset between Point A and the lower edge of the carrier. FoffsetToCarrier = offsetToCarrier * PRB size, where PRB size according to the subcarrier spacing of the carrier. offsetToCarrier is signalled to the UE (SCS-SpecificCarrier)

	FOffsetSSB-CORESET0
	Frequency offset between the lowest subcarrier of the SSB and the lowest subcarrier of CORESET#0; the offset consists of FOffset(RBs) + FKSSB . FOffset(RBs) equals  12* Offset(RBs) * subCarrierSpacingCommon, where  Offset(RBs) is given in tables 13-X of TS 38.213 [22], and FKSSB is kSSB * SCSSSB.

	FOffsetCORESET0-Carrier
	Frequency offset, FOffsetCORESET#0-Carrier, between the lowest subcarrier of CORESET#0 and the lowest subcarrier of the carrier expressed in multiple of PRB size of the carrier.

	FOffsetSSB-Carrier
	Frequency offset between the lowest subcarrier of the SSB and the lowest subcarrier of the carrier

	FSSref
	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].


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

	subCarrierSpacingCommon
	Subcarrier spacing for SIB1, Msg.2/4 for initial access, paging and broadcast SI-messages. Provided to the UE in the MIB.

	
	

	FDL_Low, FUL_Low
	Lowest frequency of the downlink and uplink frequency range of the band as defined in clause 5.2 of TS 38.101-1 [7] and TS 38.101-2 [8].

	FDL_High, FUL_High
	Highest frequency of the downlink and uplink frequency range of the band as defined in clause 5.2 of TS 38.101-1 [7] and TS 38.101-2 [8].

	ΔFRaster
	Frequency raster of the band 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

	BWDL
	Bandwidth of downlink frequency range of the band.

	BWUL
	Bandwidth of uplink frequency range of the band.

	CBWDL
	Downlink channel bandwidth. CBWDL = 12 * SCSCarrier * NRB_DL 

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

	CBWUL
	Uplink channel bandwidth. CBWUL = 12 * SCSCarrier * NRB_UL 

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

	FTx-Rx_separation
	Tx – Rx carrier centre frequency separation of the band as defined in clause 5.4.4 of TS 38.101-1 [7] and TS 38.101-2 [8].

	ΔFTx-Rx_separation


	ΔFTx-Rx_separation = | (BWDL – BWUL)/2 |
Tx – Rx carrier centre frequency separation of the band as defined in clause 5.4.4 of TS 38.101-1 [7] and TS 38.101-2 [8].

	BWSSB
	BWSSB = 12 * SCSSSB * 20

	ΔGSCN, GSCNMIN, GSCNMAX
	GSCN step size, GSCN minimum and GSCN maximum values for the NR band 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 for symmetric bands
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
Downlink:
	FDL_LowRange = Ceil((FDL_Low + CBWDL/2) / ΔFRaster) * ΔFRaster
	C.2.1.1-Eq1

	FDL_MidRange = Round((FDL_Low + BWDL/2) / ΔFRaster) * ΔFRaster
	C.2.1.1-Eq2

	FDL_HighRange = Floor(FDL_High - CBWDL/2) / ΔFRaster) * ΔFRaster
	C.2.1.1-Eq3


FDL_LowRange is rounded up and FDL_HighRange 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].

Uplink:
	FUL_LowRange = FDL_LowRange + FTx-Rx_separation
	C.2.1.1-Eq4

	FUL_MidRange = FDL_MidRange + FTx-Rx_separation
	C.2.1.1-Eq5

	FUL_HighRange = FDL_HighRange + FTx-Rx_separation
	C.2.1.1-Eq6


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
	FOffsetSSB-Carrier = FSSREF - BWSSB / 2 – (FChannel – CBWDL / 2)
	C.2.2.1-Eq1

	Fssb,min = FChannel - CBWDL / 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. This means 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 FOffsetSSB-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

FOffsetRBs and kSSB are calculated based on the assumption that CORESET#0 is at the lower edge of the channel i.e. FOffsetCORESET0-Carrier = 0 and therefore FOffsetSSB-Carrier = FOffsetSSB-CORESET0 as according to equation C.2.2.1-Eq1.

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

	kSSB’ = Floor((FOffsetSSB-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)

	FOffsetCORESET0-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 - FOffsetSSB-Carrier
	C.2.3.2-Eq2a

	ELSE

	
ΔFShift,down = SSREF – SSREF,prev - FOffsetSSB-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


C.2.4
Selecting values for offsetToCarrier and offsetToPointA IEs 
The default value for offsetToCarrier and offsetToPointA signalling parameters for a PCell need to be calculated dependent on the specific carrier.

To enable configuration of an additional coreset in SIB1 the bandwidth of the additional coreset shall be within the bandwidth of CORESET#0 as specified in IE field description for commonControlResourceSet in PDCCH-ConfigCommon in TS 38.331 [6], clause 6.3.2. As the default bandwidth for both CORESET#0 and CORESET#1 (specified in frequencyDomainResources set to ‘111100…’ in commonControlResourceSet) is 24 RBs there is a need to align the lower edge of CORESET#0 with the lower edge of the additional coreset. As the lower edge of an additional coreset is specified as multiple of 6 RBs (TS 38.213 [22], clause 10.1) there is a need to specify the default value of offsetToCarrier to be a multiple of 6 RBs.

The relationship between offsetToCarrier and offsetToPointA is (see figure C.1-1 and clause C.1 for definition of parameters):

	FoffsetToPointA = (FOffsetToCarrier + FOffsetCORESET#0-Carrier + FOffset(RBs)) / (12*{15kHz for FR1; 60kHz for FR2), where FOffsetToCarrier = offsetToCarrier * 12 * SCSCarrier
	C.4.1-Eq1


For the test frequency tables in TS 38.508-1 the value of FOffsetCORESET#0-Carrier has been chosen as 0 (see C.2.2.3). 

This gives:

	FoffsetToPointA = (FOffsetToCarrier + FOffset(RBs)) / (12*{15kHz for FR1; 60kHz for FR2), where 
FOffsetToCarrier = offsetToCarrier * 12 * SCSCarrier,
offsetToCarrier = {0..2199} (TS 38.331 [6], clause 6.3.2, SCS-SpecificCarrier), and
FOffset(RBs) = Offset(RBs) *12 * subCarrierSpacingCommon (TS 38.213 [22], clause 13)
	C.4.1-Eq2


The value range for the IEs offsetToCarrier and offsetToPointA is the same {0..2199}. Equation C.4.1-Eq2 shows that offsetToPointA will have a bigger value than offsetToCarrier if f_Offset(RBs) > 0 and/or the subcarrier spacing is > 15kHz for FR1 or >60 kHz for FR2. The value of offsetToCarrier need to be chosen such that offsetToPointA is equal or less than 2199. 

The test frequencies in clause 4.3.1 use different values for offsetToCarrier for Low, Mid and High range. This to achieve enhanced test coverage of the offsetToCarrier value range. 

C.3
Frequency determination for asymmetric bands
The following principle and formulas are used to calculate test frequencies for NR bands with different UL and DL bandwiths as described below, where CBWUL and CBWDL refer to the carrier’s UL and DL channel bandwidths; and BWUL and BWDL refer to the band’s total UL and DL bandwidths.

To meet the Tx-Rx frequency seperation requirement it may not be possible to cover the full DL frequency range for all uplink and downlink channel bandwidth combinations. For CA when the band is only used for downlink CC the full range can be used for all downlink channel bandwidths. 

To maximize the tested frequency range for the non-CA case the uplink frequency range, as being smaller than the downlink frequency range, need to be used as the starting point to calculate the uplink and downlink test frequencies.
Clause C.3.1 describe the determination of the Low-, Mid- and High-Range for asymmetric bands for the symmetric uplink and downlink bandwidth combination case, while clause C.3.2 describes it for the asymmetric uplink and downlink bandwidth combination case.
C.3.1
Determination of Low-, Mid- and High-Range for asymmetric bands for symmetric uplink and downlink bandwidth combinations 
Step 1: Calculate uplink carrier frequencies:

	FUL_LowRange = Ceil((FUL_Low + CBWUL/2) / ΔFRaster) * ΔFRaster
	C.3.1-Eq1

	FUL_MidRange = Round((FUL_Low + BWUL_Band/2) / ΔFRaster) * ΔFRaster
	C.3.1-Eq2

	FUL_HighRange = Floor(FDL_Low + BWUL_Band – CBWUL/2) / ΔFRaster) * ΔFRaster
	C.3.1-Eq3


Step 2: Calculate the downlink frequencies:

Calculate the downlink carrier centre frequencies from the uplink frequencies in step 1 and the Tx-Rx centre frequency seperation for the band.
	FDL_LowRange = FUL_LowRange + FTx-Rx_separation
	C.3.1-Eq4

	FDL_MidRange = FUL_MidRange + FTx-Rx_separation
	C.3.1-Eq5

	FDL_HighRange = FUL_HighRange + FTx-Rx_separation
	C.3.1-Eq6


Step 3: GSCN determination for the Low, Mid and High downlink carriers. 
Based on the calculated FDL_LowRange, FDL_MidRange and FDL_HighRange values perform the
GSCN determination for each range as described in clause C.2.2. The GSCN determination may cause shifting of the downlink test frequencies to get the carrier aligned to the synchronisation raster. The shifted downlink carrier’s centre frequencies are referred to as FDL_LowRangeModified, FDL_MidRangeModified and FDL_HighRangeModified.  

Step 4: If Low, Mid and High downlink carrier’s frequencies have been shifted then recalculate downlink and uplink. 

If the DL test frequencies have been shifted, then modify the downlink and uplink test frequencies.
Downlink:
	FDL_LowRange = FDL_LowRangeModified
	C.3.1-Eq7

	FDL_MidRange = FDL_MidRangeModified
	C.3.1-Eq8

	FDL_HighRange = FDL_HighRangeModified
	C.3.1-Eq9


Uplink:
	FUL_LowRange = FDL_LowRangeModified - FTx-Rx_separation
	C.3.1-Eq10

	FUL_MidRange = FDL_MidRangeModified - FTx-Rx_separation
	C.3.1-Eq11

	FUL_HighRange = FDL_HighRangeModified - FTx-Rx_separation
	C.3.1-Eq12


Step 5: The offsetToCarrier and offsetToPointA values are selected as described in C.2.4. 

C.3.2
Determination of Low-, Mid- and High-Range for asymmetric bands for asymmetric uplink and downlink bandwidth combinations 

Step 1:
Calculate the uplink Low, Mid and High range test frequencies.
FUL_LowRange, FUL_MidRange and FUL_HighRange calculated as by equations C.3.1-Eq1, C.3.1-Eq2 and C.3.1-Eq3 in sub-clause C.3.1.

Step 2:
Calculate the downlink Low, Mid and High range test frequencies.

FDL_LowRange, FDL_MidRange and FDL_HighRange calculated as by equations C.3.1-Eq3, C.3.1-Eq4 and C.3.1-Eq5 in sub-clause C.3.1.

Step 3: Check that the calculated centre test frequencies in step 2 for the BWDL fits in the bands DL frequency range. If not recalculate the FDL_LowRange and/or FDL_HighRange as:

	FDL_LowRange = Ceil((FDL_Low + CBWDL/2) / ΔFRaster) * ΔFRaster
	C.3.2-Eq1

	FDL_HighRange = Floor((FDL_Low + BWUL - CBWDL/2) / ΔFRaster) * ΔFRaster
	C.3.2-Eq2


Step 4: GSCN determination for the Low, Mid and High downlink carriers. 

Based on the calculated FDL_LowRange, FDL_MidRange and FDL_HighRange values perform the
GSCN determination for each range as described in clause C.2.2. The GSCN determination may cause shifting of the downlink test frequencies to get the carrier aligned to the synchronisation raster. The shifted downlink carrier’s centre frequencies are referred to as FDL_LowRangeModified, FDL_MidRangeModified and FDL_HighRangeModified.  

Step 5: If Low, Mid and High downlink carrier’s frequencies have been shifted then recalculate downlink and uplink as described in step 4 in sub-clause C.3.1. 
Step 6: The offsetToCarrier and offsetToPointA values are selected as described in C.2.4. 
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