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1
Introduction
Current principles for calculating test frequencies for PCell and Low, Mid and High frequency ranges is based on keeping the CORESET#0 at the carrier’s low edge frequency. To achieve this frequency shifting of the carrier is applied. The frequency shifting cause that not the full bandwidths for some NR bands and channel bandwidths will be tested. 

The purpose of this paper is to propose an alternative procedure for calculating test frequencies to secure that test frequencies for Low and High frequency ranges covers the full bandwidth of all NR bands and channel bandwidths. 
2
Discussion
2.1
Current principle to calculate test frequencies 
Current procedure to calculate test frequencies for PCell and Low, Mid and High frequency ranges of NR bands as specified in Annex C of [2] TS 38.508-1 is based on the RAN5 agreement of a proposal in [1] R5-184170 to set offset CORESET#0 to carrier low edge equal to 0 (OffsetCORESET0-Carrier = 0):

According to TS 38.211 clause 7.3.1.6 for non-interleaved VRB-to-PRB mapping when the PDSCH transmission is scheduled with DCI format 1_0 in a common search space, the VRBs are mapped to PRBs starting from the lowest RB of CORESET#0.
( To avoid the need of scheduling system information on PDSCH somewhere in the middle of a carrier CORESET#0 shall be at the bottom of the carrier, i.e. [image: image2.png]Offset rornecero_carrier = 0



 if possible.
Proposal 3:
In addition to kSSB TS 38.508-1 shall define an “Offset (RB)” value according to tables 13-X of TS 38.213 for each test frequency so that [image: image4.png]Offset rornecero_carrier = 0



 (or multiple of 6 RBs).
Using the restriction OffsetCORESET0-Carrier = 0 sometimes require a need to shift the carrier centre frequency to be able to configure the SSB/PBCH block (SSB) on the synchronisation raster. Such frequency shift of the Low- and High-range test frequencies causes that not the full bandwidth will be tested in RAN5 RF test cases. 
Remark: The statement about 6RBs alignment of OffsetCORESET0-Carrier “(or multiple of 6 RBs)” in proposal 3 above is not correct. The 6RBs alignment that need to be considered is between CORESET#0 lower edge and Point A as described in clause 2.1.1 below.
Table 2.1-1 shows the frequency shifting introduced by the current procedure to calculate test frequencies for NR bands in [2] TS 38.508-1 clause 4.3.1 compared to the target Low-, Mid- and High-frequency test frequencies in (1), (2) and (3) below. The column “Max frequency shift from Low or High band edge” indicates the worst case of frequency deviation from the lower or higher band edges. 

The target centre test frequencies for Low-, Mid- and High-frequency ranges to cover the full bandwidth of a NR band are:

(1) F_LowRange = Ceil((FLow + CBW/2) / ΔFRaster) * ΔFRaster
(2) F_MidRange = Round((FLow + BW/2) / ΔFRaster) * ΔFRaster
(3) F_HighRange = Floor(FHigh - CBW/2) / ΔFRaster) * ΔFRaster
where

· FLow and FHigh are the band’s lowest and highest frequency;

· BW is the bandwidth of the NR band (= FHigh - FLow);

· CBW is the channel bandwidth of the carrier; and 

· ΔFRaster is the channel raster of the carrier

Example: NR band n79
For the Low frequency range, the worst case of frequency shifting is 7.41 MHz (SCS=15kHz and CBW=40MHz) and for the High frequency range the worst case of frequency shifting is -22.32 MHz (SCS=15kHz and CBW=40MHz). This means that for SCS=15 kHz and CBW=40MHz will the 7.41 MHz of the lower part and the 22.32 MHz of the upper part of the band not be tested. 
Table 2.1-1: Frequency shift for NR bands introduced by the current procedure to calculate test frequencies

	FR
	NR band
	Low
Impacted CBW(s) vs SCS
	Mid
Impacted CBW(s) vs SCS
	High
Impacted CBW(s) vs SCS
	Max frequency shift from Low or High band edge.

	FR1
	n1 to n40
	 No-frequency shifting
	- 

	FR1
	n41
	 
	40 MHz/15 kHz (Shifted -15 kHz)
	 
	-

	FR1
	n48
	SCS=15 kHz:
20 MHz (Shifted 345 kHz)
40 MHz (Shifted 255 kHz)
50 MHz (Shifted 105 kHz)
	SCS=15 kHz:
5 MHz (Shifted 60 kHz)
10 MHz (Shifted -45 kHz)
20 MHz (Shifted 150 kHz)
	SCS=15 kHz:
5 MHz (Shifted -90 kHz)
10 MHz (Shifted -195 kHz)
15 MHz (Shifted -300 kHz)
50 MHz (Shifted -180 kHz)
	Low: 345 kHz
High: -300 kHz

	FR1
	n50 to n76
	 No-frequency shifting
	 -

	FR1
	n77
	SCS=15 kHz:
50 MHz (Shifted 270 kHz)
	SCS=15 kHz:
15 MHz (Shifted 165 kHz)
40 MHz (Shifted -120 kHz)
50 MHz (Shifted 75 kHz)
	SCS=15 kHz:
20 MHz (Shifted -15 kHz)
40 MHz (Shifted -270 kHz)
	Low: 270 kHz

High: -270kHz

	FR1
	n78
	SCS=15 kHz:
50 MHz (Shifted 270 kHz)
	SCS=15 kHz:
20 MHz (Shifted -105 kHz)
40 MHz (Shifted 90 kHz)
	SCS=15 kHz:
10 MHz (Shifted -120 kHz)
15 MHz (Shifted -225 kHz)
50 MHz (Shifted -90 kHz)
	Low: 270 kHz

High: 330 kHz

	FR1
	n79
	SCS=15 kHz:
40 MHz (Shifted 7410 kHz)
50 MHz (Shifted 7275 kHz)
SCS=30 kHz:
40 MHz (Shifted 6330 kHz)
50 MHz (Shifted 6210 kHz)
60 MHz (Shifted 6420 kHz)
80 MHz (Shifted 6330 kHz)
100 MHz (Shifted 6390 kHz)
	SCS=15 kHz:
40 MHz (Shifted 3900 kHz)
50 MHz (Shifted 8760 kHz)
SCS=30 kHz:
40 MHz (Shifted 2820 kHz)
50 MHz (Shifted 7680 kHz)
60 MHz (Shifted -8370 kHz)
100 MHz (Shifted 9840 kHz)
	SCS=15 kHz:
40 MHz (Shifted -22320 kHz)
50 MHz (Shifted -12450 kHz)
SCS=30 kHz:
40 MHz (Shifted -360 kHz)
50 MHz (Shifted -12090 kHz)
60 MHz (Shifted -1860 kHz)
80 MHz (Shifted -5010 kHz)
100 MHz (Shifted -7980 kHz)
	Low: 7.41 MHz

High: -22.32 MHz

	FR2
	n257
	SCS=60 kHz:
50 MHz (Shifted 8940 kHz)
100 MHz (Shifted 7740 kHz)
200 MHz (Shifted 5520 kHz)
SCS=120 kHz:
50 MHz (Shifted 7560 kHz)
100 MHz (Shifted 7080 kHz)
200 MHz (Shifted 4560 kHz)
	SCS=60 kHz:
50 MHz (Shifted 2760 kHz)
100 MHz (Shifted -1620 kHz)
200 MHz (Shifted 4920 kHz)
SCS=120 kHz:
50 MHz (Shifted 1440 kHz)
100 MHz (Shifted -1560 kHz)
200 MHz (Shifted 4320 kHz)
400 MHz (Shifted 1440 kHz)
	SCS=60 kHz:
50 MHz (Shifted -2760 kHz)
100 MHz (Shifted -60 kHz)
200 MHz (Shifted -6240 kHz)
SCS=120 kHz:
50 MHz (Shifted -3480 kHz)
200 MHz (Shifted -6240 kHz)
400 MHz (Shifted -1200 kHz)
	Low: 8.94 MHz

High: -6.24 MHz

	FR2
	n258
	SCS=60 kHz:
50 MHz (Shifted 1020 kHz)
200 MHz (Shifted 8820 kHz)
SCS=120 kHz:
200 MHz (Shifted 8160 kHz)
400 MHz (Shifted 3240 kHz)
	SCS=60 kHz:
50 MHz (Shifted 2340 kHz)
100 MHz (Shifted -2040 kHz)
200 MHz (Shifted 4500 kHz)
SCS=120 kHz:
50 MHz (Shifted 960 kHz)
100 MHz (Shifted -2040 kHz)
200 MHz (Shifted 3840 kHz)
400 MHz (Shifted 960 kHz)
	SCS=60 kHz:
50 MHz (Shifted -1440 kHz)
100 MHz (Shifted -4560 kHz)
200 MHz (Shifted -10680 kHz)
SCS=120 kHz:
50 MHz (Shifted -2160 kHz)
100 MHz (Shifted -4560 kHz)
400 MHz (Shifted -5760 kHz)
	Low: 8.82 MHz

High: -10.68 MHz

	FR2
	n260
	SCS=60 kHz:
50 MHz (Shifted 3660 kHz)
100 MHz (Shifted 2460 kHz)
SCS=120 kHz:
50 MHz (Shifted 2280 kHz)
100 MHz (Shifted 1800 kHz)
400 MHz (Shifted 5880 kHz)
	SCS=60 kHz:
50 MHz (Shifted -1860 kHz)
100 MHz (Shifted 1140 kHz)
SCS=120 kHz:
50 MHz (Shifted -2520 kHz)
100 MHz (Shifted -1080 kHz)
400 MHz (Shifted 1920 kHz)
	SCS=60 kHz:
50 MHz (Shifted -8040 kHz)
SCS=120 kHz:
50 MHz (Shifted -8760 kHz)
400 MHz (Shifted -720 kHz)
	Low: 5.88 MHz

High: -8.76 MHz

	FR2
	n261
	SCS=60 kHz:
50 MHz (Shifted 11220 kHz)
100 MHz (Shifted 9960 kHz)
200 MHz (Shifted 7500 kHz)
SCS=120 kHz:
50 MHz (Shifted 9840 kHz)
100 MHz (Shifted 9240 kHz)
200 MHz (Shifted 6840 kHz)
400 MHz (Shifted 1800 kHz)
	SCS=60 kHz:
50 MHz (Shifted -2220 kHz)
100 MHz (Shifted -1500 kHz)
200 MHz (Shifted -60 kHz)
SCS=120 kHz:
50 MHz (Shifted -2880 kHz)
100 MHz (Shifted -1440 kHz)
400 MHz (Shifted 18560 kHz)
	SCS=60 kHz:
50 MHz (Shifted -4740 kHz)
100 MHz (Shifted -7800 kHz)
200 MHz (Shifted -2460 kHz)
SCS=120 kHz:
50 MHz (Shifted -5400 kHz)
100 MHz (Shifted -7800 kHz)
200 MHz (Shifted -2400 kHz)
400 MHz (Shifted -9000 kHz)
	Low: 11.22 MHz

High: -9 MHz


Observation#1: The test frequencies in [2] TS 38.508-1 clause 4.3.1 based on current procedure in [2] TS 38.508-1 Annex C causes that the full bandwidth for some NR bands and channel bandwidths will not be tested.

Proposal#1: It is proposed that the procedure to calculate test frequencies for PCells is changed to primarly focus on getting test coverage of the full bandwidths of the NR bands. 
2.2
Alternative procedure to calculate test frequencies, SSB and CORESET#0 location to provide testing for the full bandwidth of NR bands
2.2.1
Requirements for calculating SSB, CORESET#0 and Point A
Requirements to be met for determining the SSB and CORESET#0 location for a PCell:

1. 
The complete SSB and CORESET#0 shall be within the carrier’s channel bandwidth.

2. 
The SSB centre frequency (SSref) shall be on the synchronisation raster.

3. 
The SSB and CORESET#0 shall be kept as close as possible to the carrier’s lower edge centre frequency.
2.2.2
Proposed procedure to calculate test frequencies for a PCell extending the full bandwidth of NR bands
Figure 2.2.2-2 illustrates a carrier and its SS/PBCH block (SSB) and CORESET#0 and its relationships. 


[image: image5.emf]   
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Figure 2.2.2-1: location of SSB and CORESET#0 within a channel
The following procedure illustrates how to calculate test frequencies for a PCell with its SSB and CORESET#0 where Low and High range extends the full bandwidth of NR bands. 
1. 
Calculate the carrier centre frequency for Low, Mid and High frequency ranges to achieve full coverage of the NR band bandwidth (same formulas as in Annex C of [2] TS 38.508-1, clause C.2.2.1):

	F_LowRange = Ceil((FLow + CBW/2) / ΔFRaster) * ΔFRaster

	F_MidRange = Round((FLow + BW/2) / ΔFRaster) * ΔFRaster

	F_HighRange = Floor(FHigh - CBW/2) / ΔFRaster) * ΔFRaster


where
a. FLow and FHigh are the band’s lowest and highest frequencies;
b. BW is the bandwidth of the NR band (= FHigh - FLow);
c. CBW is the carrier bandwidth of the carrier according to Table 5.3.2-1 of TS 38.101-1 [5] and TS 38.101-3 [6]; and 
d. ΔFRaster is the channel raster of the carrier

2. 
Determine the SSB and CORESET#0: 
The following algorithm selects the lowest FSSref (GSCN) for the SSB within the carrier with a CORESET#0 located as close as possible to the carrier’s lower edge frequency.
a. Calculate the minimum and maximum limit of FSSref to keep SSB lower edge frequency equal or larger than the lower edge frequency of the carrier:
	FSSref_Min = FcarrierLow + CRBsize * Offset(RBs)Min + BWSSB / 2

	FSSref_Max = FcarrierLow + ΔFcarrierBandwidth - BWSSB / 2


where
i. 
FcarrierLow = Fcarrier - 12 * SCSCarrier * (NRB / 2) with NRB according to Table 5.3.2-1 of TS 38.101-1 [5] and TS 38.101-3 [6]; and Fcarrier is the centre frequency of a carrier.
ii. 
CRBsize = 12*subCarrierSpacingCommon, where subCarrierSpacingCommon is signalled in the MIB and is equal to the carrier SCS for the intial BWP.
iii. 
Offset(RBs)Min is the minimum Offset(RBs) value applicable for the carrier in accordance to TS 38.213 [4], tables 13-1 to 13-10 depending on carrier’s SS/PBCH block and PDCCH subcarrier spacing (=SCS carrier) and carrier’s minimum supported channel bandwidth.

iv. 
BWSSB = 10*12*SCSSSB
v. 
SCSSSB is the subcarrier spacing of the SS/PBCH block
vi. 
ΔFcarrierBandwidth = 12 * SCSCarrier * NRB with NRB according to Table 5.3.2-1 of TS 38.101-1 [5] and TS 38.101-3 [6] for the CBW of the carrier.
b. Select the lowest valid GSCN value for the carrier corresponding to a FSSref >= FSSref_Min. Valid GSCN values for NR bands are specified in TS 38.101-1 [7], clause 5.4.3.1 for FR1 and in TS 38.101-2 [8], clause 5.4.3.1 for FR2.
c. Calculate the FOffsetToPointA to be the closest frequency, lower than lower edge of the SSB (FSSBlow), being a multiple of resource blocks expressed in terms of common PRB size from the carriers lower edge:
	FOffsetToPointA = CRBsize * Floor((FSSBlow - FcarrierLow) / CRBsize) + FcarrierLow


This formula is derived from TS 38.211 [3], clause 7.4.3.1: ”the centre of subcarrier 0 of resource block [image: image7.png]38
558



  coincides with the centre of subcarrier 0 of a common resource block with the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon. This common resource block overlaps with subcarrier 0 of the first resource block of the SS/PBCH block.”, where [image: image9.png]38
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 is obtained from the RRC signalled parameter offsetToPointA. 
d. Calculate the maximum Offset(RBs) value keeping the CORESET0 lower edge frequency larger or equal to the carrier's low edge frequency:

	Offset(RBs)MAX = (FOffsetToPointA - FcarrierLow) / CRBsize


e. Select the largest valid Offset(RBs) value equal or smaller than Offset(RBs)max value: 

If a valid Offset(RBs) value is found then continue from step f. 

If no valid Offset(RBs) value is found then select the next valid GSCN with FSSref < =FSSref_Max within the valid GSCN range for the carrier and repeat steps c to e.

If no valid Offset(RBs) value found within the valid GSCN range then will the carrier not be possible to use as PCell and kSSB is set to 31 for FR1 and to 15 for FR2 indicating that no CORESET#0 is present for the carrier (TS 38.213 [4], clause 13) and the procedure is completed.

f. Calculate kSSB
	kSSB = (FSSBlow - FOffsetToPointA) / kSSB_unit


where 
i. 
kSSB_unit is 15 kHz for FR1 and 60 kHz for FR2 (TS 38.211 [3], clause 7.4.3.1).

g. If kSSB is an integer value, then continue from step h.

If kSSB is not an integer value, then select the next valid GSCN with FSSref <= FSSref_Max within the valid GSCN range for the carrier and repeat steps c to g. 

If no valid kSSB value found within the valid GSCN range then will the carrier not be possible to use as PCell and kSSB is set to 31 for FR1 and to 15 for FR2 indicating that no CORESET#0 is present for the carrier (TS 38.213 [4], clause 13) and the procedure is completed.
h. Calculate OffsetToCarrier being a multiple of 6 carrier's PRBs:

	OffsetToCarrier = 6 * Ceiling((offsetToCarrier_target) / 6)


where

i.  
offsetToCarrier_target is the selected target values for offsetToCarrier depending on frequency range in accordance to TS 38.508-1 [2], Table C.2.4-1
i. Calculate Point A frequency. 

	FPointA =  FcarrierLow - offsetToCarrier * PRBsize


where

i. 
PRBsize = 12 * SCSCarrier
j. Calculate OffsetToPointA:
	OffsetToPointA = (FOffsetToPointA - FPointA) / (12*{15 kHz for FR1; 60 kHz for FR2}) 


2.2.3
Verification of the alternative procedure to calculate test frequencies

The procedure as described in clause 2.2.2 has been used to calculate test frequencies for the NR bands in TS 38.508-1 [2], clause 4.3.1 (v16.2.0, 2019-12).

The result from recalculating the test frequencies was checked against:

· 
CHECK#1: For the cases of NR band, frequency range, SCS and channel bandwidth indicating a frequency shift in Table 2.2-1 check that: 

· the new test frequencies for Low and High Range cover the full NR band bandwidth; and
· SSB and CORESET#0 locations are fully within the carrier bandwidth

· 
CHECK#2: For the cases no frequency shift is indicated in Table 2.2-1 check that the values for test frequencies and all the parameters in the existing frequency tables are not changed.

The calculated test frequencies and parameters using the procedure in clause 2.2.2 showed consistency with both check points except for some cases with carriers with SCS=15kHz and subCarrierSpacingCommon= 15kHz which did not fulfil the condition of the offset between CORESET#0 low edge to carrier low edge being a multiple of 6 CRBs as described in clause 2.2.2 step e. Those carriers would need to be corrected independent on the proposals in this document. 
Observation#2: The procedure to calculate test frequencies, and SSB and CORESET#0 configurations in clause 2.2.2 provides for test frequencies for PCells covering the full bandwidth of NR bands; and provide valid SSB and CORESET#0 configurations within the channel bandwidth of the carriers. 
Proposal#2: It is proposed that the current procedure in Annex C of TS 38.508-1 [2] is replaced by the procedure in clause 2.2.2 to calculate test frequencies for PCells and that the current test frequencies in TS 38.508-1 [2], clause 4.3.1 and 6.2.3 are updated accordingly.

2.2.4
Impact on current CORESET#1 configuration

The value of frequencyDomainResources indicate the starting position and bandwidth of the additional coreset in multiples of 6 common RBs from the start of the BWP. The initial BWP is configured in the default SIB1 to be the full channel bandwidth of the carrier. This means that the value of frequencyDomainResources need to consider 6 common RBs alignment of the start CORESET#1 to the carrier’s low edge (start of the initial BWP).

The current default value of frequencyDomainResources is based on the assumption that CORESET#0 is located at the carrier’s lower edge. As the proposed new procedure in clause 2.2.2 sometimes will cause CORESET#0 to be located above carrier’s lower edge the value of frequencyDomainResources need to be set based on the CORESET#1 position relative to the carrier’s lower edge. 
According to TS 38.331 [7], clause 6.3.2 and IE PDCCH-ConfigCommon it is stated in the field description for commonControlResourceSet:

	commonControlResourceSet
An additional common control resource set which may be configured and used for any common or UE-specific search space. If the network configures this field, it uses a ControlResourceSetId other than 0 for this ControlResourceSet. The network configures the commonControlResourceSet in SIB1 so that it is contained in the bandwidth of CORESET#0.


Currently the default value of frequencyDomainResources in TS 38.508-1 [2] is set to 24 RBs which means that the requirement in TS 38.331 [7] will be violated when the CORESET#0 position from the carrier’s low edge is not in multiples of 6 common RBs. The requirement will be fulfilled if the default bandwidth of CORESET#1 is reduced to 18 common RBs as the maximum offset between CORESET#1 and CORESET#0 position will be maximum 5 RBs due to the 6 RBs alignment. 

Remark:
Already in current version of ST 38.508-1 [2] there are some cases with one CRB offset of CORESET#0 from carrier’s low edge that cause CORESET#2 of 24 RBs to extend outside CORESET#0. So the change of reducing the CORESET#1 to 18 RBs and have specific CORESET#1 start position specified in frequencyDomainResources is needed for those carriers independent if the new procedure in 2.2.2 is introduced or not.
Observation#3: There is a need to reduce the bandwidth of CORESET#1 configured in default SIB in TS 38.508-1 [2] to 18 RBs and introduce different values of frequencyDomainResources depending based on the CORESET#1 position relative to the carrier’s lower edge.

Proposal#3: It is proposed that default value CORESET#1 bandwidth is changed from 24 RBs to 18 RBs and default value for frequencyDomainResources in TS 38.508-1 [2] is changed to carrier specific values by referring to a new table in clause 4.3 in TS 38.508-1 [2] mapping frequencyDomainResources value versus CORESET#1 position of the carrier.

3
Proposal

Observation#1: The test frequencies in [2] TS 38.508-1 clause 4.3.1 based on current procedure in [2] TS 38.508-1 Annex C causes that the full bandwidth for some NR bands and channel bandwidths will not be tested.

Proposal#1: It is proposed that the procedure to calculate test frequencies for PCells is changed to primarly focus on getting test coverage of the full bandwidths of the NR bands. 
Observation#2: The procedure to calculate test frequencies, and SSB and CORESET#0 configurations in clause 2.2.2 provides for test frequencies for PCells covering the full bandwidth of NR bands; and provide valid SSB and CORESET#0 configurations within the channel bandwidth of the carriers. 

Proposal#2: It is proposed that the current procedure in Annex C of TS 38.508-1 [2] is replaced by the procedure in clause 2.2.2 to calculate test frequencies for PCells and that the current test frequencies in TS 38.508-1 [2], clause 4.3.1 and 6.2.3 are updated accordingly.

Observation#3: There is a need to reduce the bandwidth of CORESET#1 configured in default SIB in TS 38.508-1 [2] to 18 RBs and introduce different values of frequencyDomainResources depending based on the CORESET#1 position relative to the carrier’s lower edge.

Proposal#3: It is proposed that default value CORESET#1 bandwidth is changed from 24 RBs to 18 RBs and default value for frequencyDomainResources in TS 38.508-1 [2] is changed to carrier specific values by referring to a new table in clause 4.3 in TS 38.508-1 [2] mapping frequencyDomainResources value versus CORESET#1 position of the carrier.

Pending RAN5 agreement of proposal 1, 2 and 3 Ericsson has submitted the following associated CRs to TS 38.508-1 [2]: 
· in [8] for Annex C to update the description of how test frequencies are calculated in accordance to this paper;
· in [9] to clause Table 4.6.3-28 and ControlResourceSet to introduce reference to frequencyDomainResources value versus CORESET#1 position of the carrier in clause 4.3; and 
· in [10] to [48] to clauses 4.3.1 and 6.2.3 to update the test frequencies of the impacted NR bands. Those CRs also include other corrections as needed per band.
4
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