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1
Introduction
The purpose of this paper is to propose the principles for setting NR test frequencies and the associated signalling parameters covering the need for both RF and signalling (SIG) testing. 

For a carrier to be used as a PCell there is also a need to specify signalling parameters such that the SS/PBCH block centre frequency of the carrier is associated with a GSCN value on the synchronisation raster. The location of the SS/PBCH block is associated with the configuration of the control resource set for Type0-PDCCH common search space (CORESET#0). In addition to specify the test frequencies the purpose of this document is to propose the principles for selection the configuration of CORESET#0 and SS/PBCH block for the carriers that can be used as PCell. 
2
Discussion
In the following discussion only, RF and signalling (SIG) testing is referenced. However, the test frequencies are also intended to be used for all other type of 5GS testing (demodulation/QSI reporting, RRM and positioning).

2.1
RF and SIG test frequency requirements

The high-level RF and SIG test frequency requirements are:

· RF: 

· Test frequencies need to be specified for each NR band and all its applicable combination of channel bandwidth and subcarrier spacing.

· Test frequencies need to be defined for three (3) inter-frequency carriers representing Low Range, Mid Range and High Range.

· The lower edge of the Low Range carrier shall be at the lowest possible frequency of the band. 

· The higher edge of the High Range carrier shall be at the highest possible frequency of the band. 

· The centre frequency of the Mid Range carrier shall be at the centre frequency of the band.

· SIG:

· Test frequencies need to be specified for up to four (4) non-overlapping inter-frequency carriers need to be specified. Number of non-overlapping carriers per band will depend on the band’s overall bandwidth.
· Test frequencies need only to be specified for one (1) default combination of channel bandwidth and SCS per band.

Observation#1: For each NR band RAN5 needs to specify test frequencies for three carriers (Low Range, Mid Range, High Range) covering all applicable combinations of channel bandwidth and subcarrier spacing (SCS).
Observation#2: For each NR band RAN5 needs to specify test frequencies for up to four carriers for one default combination of channel bandwidth and subcarrier spacing. The maximum number of non-overlapping carriers will depend on the band’s overall bandwidth. Test frequencies for up to three carriers can re-use the RF test frequencies  (Low Range, Mid Range, High Range).
2.2
Core requirement considerations
2.2.1
Carrier frequency aspects

The following core requirements needs to be considered when selecting carrier test frequencies:
C.1
The frequency range of the band ([1] TS 38.101-1 clause 5.2 for FR1 and [2] TS 38.101-2 clause 5.2 for FR2)
C.2
The applicable channel raster of the band ([1] TS 38.101-1 clause 5.4.2 for FR1 and [2] TS 38.101-2 clause 5.4.2 for FR2)
C.3
The applicable channel bandwidths and subcarrier spacings of the band ([1] TS 38.101-1 clause 5.3.5 for FR1 and [2] TS 38.101-2 clause 5.3.5 for FR2)
C.4
The maximum transmission bandwidth for the combinations of channel bandwidth and subcarrier spacing ([1] TS 38.101-1 clause 5.3.2 for FR1 and [2] TS 38.101-2 clause 5.3.2 for FR2)
C.5
The minimum guardband for the combinations of channel bandwidth and subcarrier spacing ([1] TS 38.101-1 clause 5.3.3 for FR1 and [2] TS 38.101-2 clause 5.3.3 for FR2)
C.6
For asymmetric channel bandwidths (n66, n70) the narrower carrier shall be confined within the frequency range of the wider channel bandwidth ([1] TS 38.101-1 clause 5.3.3 for FR1 and [2] TS 38.101-2 clause 5.3.3 for FR2)

2.2.2
CORESET#0 and SS/PBCH aspects
The following core requirements needs to be considered when selecting CORESET#0 and SS/PBCH parameters:
S.1
[1] TS 38.101-1 (FR1) and [2] TS 38.101-2 (FR2), clause 5.4.3.1:
The synchronization raster indicates the frequency positions of the synchronization block that can be used by the UE for system acquisition when explicit signalling of the synchronization block position is not present. 

A global synchronization raster is defined for all frequencies. The frequency position of the SS block is defined as SSREF with corresponding number GSCN. The parameters defining the SSREF and GSCN for all the frequency ranges are in Table 5.4.3.1-1.

The resource element corresponding to the SS block reference freqeuncy SSREF is given in subclause 5.4.3.2. The synchronization raster and the subcarrier spacing of the synchronization block is defined separately for each band.
S.2
[5] TS 38.213, clause 13:
The offset in Tables 13-1 through 13-10 is defined with respect to the subcarrier spacing of the control resource set from the smallest RB index of the control resource set for Type0-PDCCH common search space to the smallest RB index of the common RB overlapping with the first RB of the SS/PBCH block.

Remark: The offset values specified in Tables 13-1 to 13-10 in [5] TS 38.213 depends on the selected combination of {SS/PBCH block, PDCCH} subcarrier spacing, the minimum channel bandwidth of the carrier and the number of RBs used for CORESET#0.

S.3
[3] TS 38.211, clause 7.4.3.1:
In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in increasing order from 0 to 239 within the SS/PBCH block.
S.4
[3] TS 38.211, clause 7.4.3.1:
The quantity 
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2.3
Selection of test frequencies for a NR band
2.3.1
Calculating carrier centre frequencies for RF
NOTE
The formulas to calculating the carrier centre frequencies are only valid for symmetric NR bands. For Asymmetric bands (n66 and n71) additional consideration need to be taken into account.
Based on Observation#1 and the RF test frequency requirements in clause 2.1 it is proposed that:

Proposal#1: It is proposed that for symmetric bands the carrier centre frequencies for Low Range, Mid Range and High Range are calculated as:

(1)
FLowRange = Ceil((FLow + CHBW/2) / ΔFRaster) * ΔFRaster
(2)
FMidRange = Round((FLow + (FHigh - FLow )/2) / ΔFRaster) * ΔFRaster
(3)
FHighRange = Floor(FHigh - CHBW/2) / ΔFRaster) * ΔFRaster
where 
· ΔFRaster, FLow and FHigh for the carrier is specified in [1] clause 5.2 for FR1 and [2] in clause 5.2 for FR2; and 
· CHBW is the channel bandwidth of the carrier.
Note! 
The carrier centre frequencies may be shifted from the ideal frequencies given by equations (1), (2) and (3) for the case the carrier is a PCell as described in clause 2.2.3.
2.3.2
Calculating carrier centre frequencies for SIG

Based on Observation#2 and the SIG test frequency requirements in clause 2.1 the Low Range, Mid Range and High Range test frequencies can be used for signalling tests for up to three (3) inter-frequency carriers. For the signalling test cases require four (4) inter-frequency carriers there is a need to specify non-overlapping test frequencies for two additional carriers between the Low Range and High Range carriers 
Proposal#2: It is proposed that for symmetric bands the carrier centre frequencies for signalling Mid-Low Range and Mid-High Range are calculated as:
(4)
FMid-LowRange = Round((FLow + (FHighRange - FLowRange )/3) / ΔFRaster) * ΔFRaster
(5)
FMid-HighRange = Round((FLow + 2*(FHighRange - FLowRange )/3) / ΔFRaster) * ΔFRaster
where 

· ΔFRaster, FLow and Fhigh for the carrier is specified in [1] clause 5.2 for FR1 and [2] in clause 5.2 for FR2; and 

· FLowRange and FHighRange are given by equations (1) and (2) in clause 2.2.1.
Note! 
The carrier centre frequencies may need to be shifted from the ideal frequencies given by equations (4) and (5) for the case the carrier is a PCell as described in clause 2.2.3.

2.3.3
Calculating CORESET#0 and SS/PBCH parameters

The location of the CORESET#0 and SS/PBCH (SSB) within a carrier is illustrated in the figure below (source [7] R5-184170).
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	Centre frequency of the carrier according to the channel raster of the band ([1] TS 38.101-1 clause 5.4.2.3 and [2] TS 38.101-2 clause 5.4.2.3)
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	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)
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	ARFCN as provided as absoluteFrequencyPointA to the UE (FrequencyInfoDL)
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	carrierBandwidth as provided to the UE (SCS-SpecificCarrier)
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	offsetToCarrier as provided to the UE (SCS-SpecificCarrier)
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	offset between the lowest subcarrier of the SSB and the lowest carrier of CORESET#0; the offset consists of the number of RBs given by Offset(RBs) in tables 13-X of [5] TS 38.213, the number of 15kHz subcarriers given by [image: image22.png]Kesn
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	offset between the lowest subcarrier of CORESET#0 and the lowest subcarrier of the carrier; the offset is a multiple of resource blocks.


2.3.4
When need CORESET#0 and SS/PBCH parameters be specified?
For FR1 [5] TS 38.213 is specifying tables for CORESET#0 parameters for PDCCH subcarrier spacing 15kHz and 30kHz. There are no tables for FR1 and PDCCH subcarrier spacing 60kHz. For FR2 [5] TS 38.213 is specifying tables for CORESET#0 parameters for PDCCH subcarrier spacing 60kHz and 120kHz. There are no tables for FR2 and PDCCH subcarrier spacing 120kHz. This means a FR1 carrier with subcarrier spacing 60kHz or a FR2 carrier with subcarrier spacing 60kHz cannot be a PCell.
Observation#3: For FR1 the CORESET#0 and SSB parameters need only be specified for carriers with subcarrier spacing 15kHz and 30kHz.
Observation#4: For FR2 the CORESET#0 and SSB parameters need only be specified for carrier subcarrier spacing 60kHz and 120kHz.
Clause 2.3.5 propose how to calculate test frequencies, SSB and CORESET#0 parameters for carriers that may be selected as a PCell.

Clause 2.3.6 propose how to calculate test frequencies for carriers that may not be selected as a PCell.
2.3.5
Calculating test frequencies for a carrier that may be selected as a PCell (FR1: SCS=15kHz or 30kHz; FR2: SCS= 60kHz or 120kHz)
For a NR carrier to be available for selection as a PCell the carrier needs to transmit SSB and CORESET#0. For such carrier there is a need to take the SSB and CORESET#0 configuration into account when selecting the test frequencies.
The calculation of test frequencies, CORESET#0 and SSB parameters need to fulfil equations (6) and (7) as given below.
Core requirements C.2 ( 

(6)
FCarrier = FLow + n * ΔFRaster / 1000
[MHz] , where 

- FCarrier is the carrier centre frequency;
- Fhigh, Flo,and  ΔFRaster for the carrier are specified in clause 5.2 in [1] for FR1 and [2] for FR2; and
- n є {0..(Fhigh - Flow) / ΔFRaster}

Core requirements S.1, S.2 and S.3 for CORESET#0 and SSB in clause 2.2.2 (see also the figure in 2.2.3.1) ( 

 (7)
 SSREF = FCarrier – PRBsize (NRB/2) + [image: image24.png]OFffset pornesero_corrier



+ PRBsize * [image: image25.png]Offset ccs_conesero



 + 1000*(kSSB*ΔkSSB_raster + 10*12*SCSSSB )  [MHz], where

- FCarrier is the carrier centre frequency;
- PRBsize = 12 * subcarrier spacing for the carrier in kHz *1000 [MHz];
- NRB is carrier bandwidth in number of PRBs;
- [image: image26.png]OFffset pornesero_corrier



 is the offset between the lowest subcarrier of CORESET#0 and the lowest subcarrier of the carrier; the offset is a multiple of resource blocks;
- [image: image27.png]Offset ccs_conesero



 is the offset between the lowest subcarrier of the SSB and the lowest carrier of CORESET#0 derived from [5] TS 38.213 Tables 13-1 to 13.10 depending on combination of {SS/PBCH block, PDCCH} subcarrier spacing, the minimum channel bandwidth of the carrier and the number of RBs used for CORESET#0.
- kSSB is the subcarrier offset from subcarrier 0 in common resource block 
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 to subcarrier 0 of the SS/PBCH block (see S.4 in clause 2.2.2);
- ΔkSSB_raster is 15kHz for FR1 and SSBSCS 15kHz or 30kHz; and 60kHz for FR2 and SSBSCS 120kHz or 240kHz (see S.3 in clause 2.2.2); and
- SCSSSB is the SSB subcarrier spacing in kHz
(7) (
 (8)
kSSB
= ((SSREF - FCarrier + PRBsize (NRB/2) - [image: image29.png]OFffset pornesero_corrier
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 )/1000 - 10*12*SCSSSB) / ΔkSSB_raster
For a NR carrier to be available for selection as a PCell the configuration of SSB and CORESET#0 need to be selected such that SSREF corresponds to a GSCN value on the global synchronisation raster where kSSB
is an integer in the valid range as given by S.4.

S.4 (

(9)
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 for SSBSCS = 15kHz or 30kHz
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 for SSBSCS = 120kHz or 240kHz: 
For a NR carrier to have be available for selection as a PCell the FCarrier (on the NR band’s channel raster), SSREF (on the global synchronisation raster), [image: image33.png]OFffset pornesero_corrier
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 need to be selected such that kSSB fulfils (9).

To select default configurations for NR carriers such that the carrier can be used as a PCell in RAN5 test cases the following is proposed:

Proposal#3: CORESET#0 is located at the lower edge of the carrier, i.e. [image: image35.png]OFffset pornesero_corrier



=0. 

Proposal#4: CORESET#0 use one of the configurations with the minimum number of RBs and minimum number of symbols in Tables 13-1 to 13-10 in [5] TS 38.213 when selecting the offset value for [image: image36.png]Offset ccs_conesero



.
Example:
For band n1 with SCS=15kHz and SSB SCS=15kHz having minimum channel bandwidth of 5MHz, Table 13-1 will apply. The minimum number of RBs are 24 and the minimum number of symbols are 2. Index 0, 1 and 2 in Table 13-1 are defined for 24 RBs and 2 Symbols with the value of [image: image37.png]Offset ccs_conesero



 0, 2 or 4. 
Proposal#5: Default SCSSSB is selected as 15kHz for FDD FR1 bands and for TDD FR1 bands not supporting 30kHz, 30kHz for TDD FR1 bands supporting 30 kHz and 120 kHz for TDD FR2 bands.

Proposal#6: In the calculation of the test frequencies for Low, Mid, Mid-Low, Mid-High and High ranges; and the SSB and CORESET#0 parameters in equations (6) and (7) use the valid values for the offset value [image: image38.png]Offset ccs_conesero



 and kSSB that results in a SSREF on the global synchronisation raster and a FCarrier closest to the value of the preferred centre frequency. The preferred frequency value for the different carriers are given by the Low, Mid, Mid-Low, Mid-High or High range value in the equations (1) to (5) in clause 2.2.1 and 2.2.2.
The algorithm to select SSref and FCarrier based on Proposals #1 to #3 will be:
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=0 (Proposal#3)
IndexMAX = max index in applicable table 13-x in TS 38.213 for minimum number of RBs and symbols for CORESET#0 (Proposal#4)

fSTART = Preferred FCarrier frequency of interest (e.g. for Low Range as per equation (1))
fLIMIT = limit of FCarrier frequency of interest
fSTEP = +ΔFRaster if search of closest higher frequency (e.g. for the case finding FCarrier for Low Range carrier) else -ΔFRaster if search of closest lower frequency (e.g. for the case of finding FCarrier for High Range carrier)

GSCNSTART = Calculated as per equation (7) setting FCarrier = fSTART
GSCNMAX = Set to GSCN maximum value as per TS 38.101-x Table 5.4.3.3-1 for the band (S.1)

GSCNSTEP = Set to GSCN step size as per TS 38.101-x Table 5.4.3.3-1 for the band (S.1)

For f = fSTART to fLIMIT step=fSTEP 

For Index = 0 to IndexMAX step=1



For GSCN = GSCNSTART to GSCNMAX step=GSCNSTEP



SSREF = frequency correspondent to GSCN as per TS 38.101-x clause 5.4.3.1 (C.1)




kSSB = equation (9)




If kSSB as per equation (8) equals integer value in the range in (9) then




FCarrier = f





Set signalling parameters associated with FCarrier, SSREF, Index (CORESET#0) and kSSB.



End if



Next GSCN


Next Index 
Next f

2.3.6
Calculating test frequencies for a carrier not possible to be used as a PCell (FR1: SCS=60kHz; FR2: SCS=240kHz)

For test frequencies for FR1 carriers with SCS=60kHz and FR2 carriers with SCS=240kHz SSB and CORESET#0 configurations are not specified in [5] TS 38.213. This means that the equations in clauses 2.2.1 and 2.2.2 can be used. 
2.3.7
Selecting point A and offsetToCarrier
The selection of point A has no impact on the calculation of SSB and CORESET#0 parameters as described in clauses 2.2.5 and 2.2.6. Neither has selection of point A no impact on RF requirements. This means that selection of point A can be selected arbitrarily within the limits of the associated ASN.1 signalling IEs in [6] TS 38.331:
FrequencyInfoDL ::= 



SEQUENCE {


absoluteFrequencySSB



ARFCN-ValueNR



OPTIONAL,
-- Cond SpCellAdd


frequencyBandList




MultiFrequencyBandListNR,


absoluteFrequencyPointA



ARFCN-ValueNR,


scs-SpecificCarrierList



SEQUENCE (SIZE (1..maxSCSs)) OF SCS-SpecificCarrier,


...

}

SCS-SpecificCarrier ::=



SEQUENCE {


offsetToCarrier





INTEGER (0..2199),


subcarrierSpacing




SubcarrierSpacing,


carrierBandwidth




INTEGER (1..maxNrofPhysicalResourceBlocks),


...

}
The IE offsetToCarrier is the offset in PRBs from point A (absoluteFrequencyPointA) to the lowest subcarrier of the carrier. The IE offsetToCarrier value range is 0..2199. This means that point A must be <= 2199 * PRBsize of the carrier. 
To avoid any unwanted complications by using one point A such as the limitation of the offsetToCarrier value range for bands with bandwidth larger that 2199*PRBsize (e.g. band n77 having 900 MHz bandwidth) itis i proposed to have specific point A fore each carrier.
Proposal 7: Point A shall be defined per carrier within a band.
To get test coverage of different combinations of absoluteFrequencyPointA and offsetToCarrier it is proposed to use different offsetToCarrier value for each carrier.
Proposal 8: Multiple values of offsetToCarrier should be used for the different carriers within a band.
2.3.8
Signalling parameters for test frequencies, SSB and CORESET#0 configurations
The table below list the signalling IEs in [6] TS 38.331 and the mapping to the calculated test frequency, SSB and CORESET#0 parameters discussed in this paper. 

	Control IE
	IE / PBCH payload
	Type
	Parameter

	FrequencyInfoDL, FrequencyInfoUL
	absoluteFrequencyPointA
	ARFCN-ValueNR
	Set to ARFCN (FCarrier – (NRB/2)/1000 – offsetToCarrier * PRBSIZE)

	SCS-SpecificCarrier
	offsetToCarrier
	INTEGER (0..2199)
	Set to ifferent values per carrier within the band. 

	SCS-SpecificCarrier
	carrierBandwidth
	INTEGER (1..275)
	NRB

	FrequencyInfoDL, 
	absoluteFrequencySSB
	ARFCN-ValueNR
	Set to ARFCN (SSREF)

	MIB
	ssb-SubcarrierOffset
	INTEGER (0..15)
	Set to the 4 least significant bits of kSSB

	--
	
[image: image40]  in the PBCH payload
	Bit
	Set to the most significant bit of kSSB

	MIB
	pdcch-ConfigSIB1
	INTEGER (0..255)
	Set to 4 most significant bits set to value of selected Index (CORESET#0)




3
Proposal

Proposal#1: It is proposed that for symmetric bands the carrier centre frequencies for Low Range, Mid Range and High Range are calculated as:

(1)
FLowRange = Ceil((FLow + CHBW/2) / ΔFRaster) * ΔFRaster
(2)
FMidRange = Round((FLow + (FHigh - FLow )/2) / ΔFRaster) * ΔFRaster
(3)
FHighRange = Floor(FHigh - CHBW/2) / ΔFRaster) * ΔFRaster
where 

· ΔFRaster, FLow and FHigh for the carrier is specified in [1] clause 5.2 for FR1 and [2] in clause 5.2 for FR2; and 

· CHBW is the channel bandwidth of the carrier.
Note! 
The carrier centre frequencies may be shifted from the ideal frequencies given by equations (1), (2) and (3) for the case the carrier is a PCell as described in clause 2.2.3.
Proposal#2: It is proposed that for symmetric bands the carrier centre frequencies for signalling Mid-Low Range and Mid-High Range are calculated as:

(4)
FMid-LowRange = Round((FLow + (FHighRange - FLowRange )/3) / ΔFRaster) * ΔFRaster
(5)
FMid-HighRange = Round((FLow + 2*(FHighRange - FLowRange )/3) / ΔFRaster) * ΔFRaster
where 

· ΔFRaster, FLow and Fhigh for the carrier is specified in [1] clause 5.2 for FR1 and [2] in clause 5.2 for FR2; and 

· FLowRange and FHighRange are given by equations (1) and (2) in clause 2.2.1. 

Note! 
The carrier centre frequencies may need to be shifted from the ideal frequencies given by equations (4) and (5) for the case the carrier is a PCell as described in clause 2.2.3.

Proposal#3: CORESET#0 is located at the lower edge of the carrier, i.e. [image: image41.png]OFffset pornesero_corrier
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Proposal#4: CORESET#0 use one of the configurations with the minimum number of RBs and minimum number of symbols in Tables 13-1 to 13-10 in [5] TS 38.213 when selecting the offset value for [image: image42.png]Offset ccs_conesero



.

Proposal#5: Default SCSSSB is selected as 15kHz for FDD FR1 bands and for TDD FR1 bands not supporting 30kHz, 30kHz for TDD FR1 bands supporting 30 kHz and 120 kHz for TDD FR2 bands.

Proposal#6: In the calculation of the test frequencies for Low, Mid, Mid-Low, Mid-High and High ranges; and the SSB and CORESET#0 parameters in equations (6) and (7) use the valid values for the offset value [image: image43.png]Offset ccs_conesero



 and kSSB that results in a SSREF on the global synchronisation raster and a FCarrier closest to the value of the preferred centre frequency. The preferred frequency value for the different carriers are given by the Low, Mid, Mid-Low, Mid-High or High range value in the equations (1) to (5) in clause 2.2.1 and 2.2.2.
Proposal 7: Point A shall be defined per carrier within a band.

Proposal 8: Multiple values of offsetToCarrier should be used for the different carriers within a band.
A set of CRs ([9] to [x]) to [8] TS 38.508-1 have been submitted to RAN5#80 based on the proposals in this document.
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