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1.	Introduction
Channel bandwidth 10MHz has been introduced for band n79 in RAN5. However, according to the the test point selection criteria in Annex.C in [1], current test frequencies for 10MHz CBW + 15kHz SCS+ Mid range, 10MHz CBW + 15kHz SCS+ Low / Mid range are not correct. Since the 10MHz channel bandwidth test frequencies are not all correct, whether testing 10MHz as lowest channel bandwidth for n79 should be discussed.

This paper is to discuss the handling of test point selection for band n79 lowest channel bandwidth.
2.	Background
2.1	Frequency data for n79
The frequency range for n79 and valid CORESET#0 values are defined in [2] table 5.2-1:
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high
	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n7917
	[bookmark: _Hlk134275860]4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	NOTE 17: For this band, CORESET#0 values from Table 13-5 or Table 13-6 in [8, TS 38.213] are applied regardless of the minimum channel bandwidth.



And tables 13-5 and 13-6 in TS 38.213[3] are pasted below:
Table 13-5: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 15} kHz for frequency bands with minimum channel bandwidth 40MHz or for the frequency bands given in [5, TS38.101-1]
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 

	0
	1
	48
	1
	4

	1
	1
	48
	2
	4

	2
	1
	48
	3
	4

	3
	1
	96
	1
	0

	4
	1
	96
	1
	56

	5
	1
	96
	2
	0

	6
	1
	96
	2
	56

	7
	1
	96
	3
	0

	8
	1
	96
	3
	56

	9
	Reserved

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



Table 13-6: Set of resource blocks and slot symbols of CORESET for Type0-PDCCH search space set when {SS/PBCH block, PDCCH} SCS is {30, 30} kHz for frequency bands with minimum channel bandwidth 40MHz or for the frequency bands given in [5, TS38.101-1]
	Index
	SS/PBCH block and CORESET multiplexing pattern 
	Number of RBs 
	Number of Symbols  
	Offset (RBs) 

	0
	1
	24
	2
	0

	1
	1
	24
	2
	4

	2
	1
	24
	3
	0

	3
	1
	24
	3
	4

	4
	1
	48
	1
	0

	5
	1
	48
	1
	28

	6
	1
	48
	2
	0

	7
	1
	48
	2
	28

	8
	1
	48
	3
	0

	9
	1
	48
	3
	28

	10
	Reserved

	11
	Reserved

	12
	Reserved

	13
	Reserved

	14
	Reserved

	15
	Reserved



The valid GSCN for n79 10MHz is limited to 8475 - 8884 in [2]:
Table 5.4.3.3-1: Applicable SS raster entries per operating band
	NR operating band
	SS Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n79
	30 kHz
	Case C
	8480 – <16> – 88807

	
	
	
	8475 – <1> – 88848

	NOTE 7:	The SS raster entries apply for channel bandwidths larger than or equal to 40 MHz
NOTE 8:	The SS raster entries apply for channel bandwidths smaller than 40 MHz



2.2	Test principle in annex C
The test frequency for each range are defined in C.2.1.1 of [1]. 
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



And the following requirements for SSB and CORESENT#0 for a PCell need to be met (C.3.1 in [1]):  
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 shall be kept as close as possible to the carrier’s lower edge centre frequency.
4.	CORESET#0 configuration is selected using lowest number of RBs and symbols in applicable table in TS 38.213 [22], clause 13.
5.	The first SSB subcarrier shall be aligned with the defined resource grid given by SCS indicated by subCarrierSpacingCommon in the MIB.

If there’s no valid GSCN within the carrier range, the carrier could be shifted up or down for a maximum shift of 3 * ΔFRaster, which is defined in C.3.2 step 1g:
1g.	Calculate kSSB
	kSSB = (FSSBlow - FoffsetToPointA) / {15 kHz for FR1, subCarrierSpacingCommon (MIB) for FR2} (TS 38.211 [3], clause 7.4.3.1).

	N = SCSSSB / {15 kHz for FR1; subCarrierSpacingCommon (MIB) for FR2}. 
kSSB MOD N <> 0 indicates that the SSB subcarriers are not aligned with the resource grid given by the SCS indicated by subCarrierSpacingCommon in the MIB.



If kSSB is an integer and kSSB MOD N = 0, then continue from step 2. 
[bookmark: _Hlk133502185]If kSSB is not an integer value or kSSB MOD N <> 0, then select the next valid GSCN with FSSref < FSSref_Max within the valid GSCN range for the carrier and repeat steps 1b to 1g. 

If N > 1 and no valid kSSB value found within the valid GSCN range for the currently selected carrier frequency Fcarrier then shift Fcarrier up by ΔFRaster for Low range; or down by ΔFRaster for Mid, Mid-Low, Mid-High and High ranges and repeat steps 1a to 1g for a maximum shift of 3 * ΔFRaster (see clause C.3.1, Note 1).

If no valid kSSB value found within the valid GSCN range then will the carrier not be possible to use as PCell and FSSref, kSSB, FPointA, OffsetToCarrier and OffsetToPointA are calculated as described in clause C.3.2 and the procedure is completed.

3.	Discussion
3.1	Mid range and High range test frequency for N79 10MHz CWB 15kHz SCS 
At RAN5#98 meeting, the Mid range test frequency for n79 10MHz channel bandwidth with 15kHz SCS is corrected in [3], to correct the error that kSSB MOD N <> 0. And for band n79 when 10MHz CBW @ 15kHz SCS applies, CORESET#0 is 4                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
8 RBs and NRB is 52 RBs. The Offset Carrier CORESET#0 should be no larger than 4RBs. 
Considering there was no valid GSCN value within the carrier frequency range, as per the principle listed above in clause 2.2, the carrier center was shifted from 4699.995 to 4700.1 to ensure kSSB MOD N = 0.
The current test frequency for Mid range for N79 10MHz CWB 15kHz SCS in [1] is in yellow highlighted as below:
Table 4.3.1.1.1.79-1: Test frequencies for NR operating band n79, SCS 15 kHz and ΔFRaster 15 kHz
	CBW [MHz]
	carrierBandwidth
[PRBs]
	Range
	Carrier centre
[MHz]
	Carrier centre
[ARFCN]
	point A
[MHz]
	absoluteFrequencyPointA
[ARFCN]
	offsetToCarrier [Carrier PRBs]
	SS block SCS
[kHz]
	GSCN
	absoluteFrequencySSB
[ARFCN]
	

	Offset Carrier CORESET#0
[RBs]
Note 2
	CORESET#0 Index (Offset
[RBs])
Note 1
	offsetToPointA
(SIB1)
[PRBs]
Note 1

	103
	52
	Downlink
	Low
	4405.02
	693668
	4400.34
	693356
	0
	30
	8475
	693696
	4
	4
	0 (4)
	8

	
	
	&
	Mid
	4700.1
	713340
	4677.06
	711804
	102
	
	8680
	713376
	12
	4
	0 (4)
	110

	
	
	Uplink
	High
	4994.64
	732976
	4899.24
	726616
	504
	
	8884
	732960
	8
	0
	0 (4)
	508



But the new carrier frequency has shifted up 7 *ΔFRaster, which is not in accordance with principle in C.3.2 “…or down by ΔFRaster for Mid, Mid-Low, Mid-High and High ranges and repeat steps 1a to 1g for a maximum shift of 3 * ΔFRaster…”. There’s no proper carrier center frequency for combination of “10MHz CBW + 15kHz SCS + Mid range” for n79 which can meet all the principles in Annex C. 

Similar to Mid range frequency, the High range test frequency also doesn’t fit the principle. According to C.2.1.1-Eq6 in [1], the carrier centre frequency calculated without considering GSCN should be 4995MHz. Current high range test frequency is 4994.64 MHz, which shifted down by 24*ΔFRaster to ensure the CORESET#0 is completely inside the carrier frequency range. 

Observation 1：Test frequency for mid range and high range of 10MHz CWB + 15kHz SCS for band n79 doesn’t align with current test frequency calculation principle.

3.2	Low range and Mid range test frequency for N79 10MHz CWB 30kHz SCS 
The current test frequency for Mid range for N79 10MHz CWB 30kHz SCS in [1] is extracted as below:
Table 4.3.1.1.1.79-2: Test frequencies for NR operating band n79, SCS 30 kHz and ΔFRaster 30 kHz
	CBW [MHz]
	carrierBandwidth
[PRBs]
	Range
	Carrier centre
[MHz]
	Carrier centre
[ARFCN]
	point A
[MHz]
	absoluteFrequencyPointA
[ARFCN]
	offsetToCarrier [Carrier PRBs]
	SS block SCS
[kHz]
	GSCN
	absoluteFrequencySSB
[ARFCN]
	

	Offset Carrier CORESET#0
[RBs]
Note 2
	CORESET#0 Index (Offset
[RBs])
Note 1
	offsetToPointA
(SIB1)
[PRBs]
Note 1

	10
	24
	Downlink
	Low
	4405.02
	693668
	4400.7
	693380
	0
	30
	8475
	693696
	4
	3
	0 (0)
	6

	
	
	&
	Mid
	4700.01
	713334
	4658.97
	710598
	102
	
	8680
	713376
	18
	3
	0 (0)
	210

	
	
	Uplink
	High
	4995
	733000
	4809.24
	720616
	504
	
	8884
	732960
	8
	0
	0 (0)
	1008



The carrier bandwidth has 24 RBs and so does CORESET#0. To make sure CORESET#0 is fully inside the carrier, the offset between the lowest subcarrier of CORESET#0 and the lowest subcarrier of the carrier (Offset Carrier CORESET#0) has to be 0RB. That’s why the current test frequency for low range and high range are incorrect. 
To find a valid test frequency for low and mid range, the only solution is to shift the carrier centre. And with minimum frequency shift, the closest valid test frequency will be:
	 CBW [MHz]
	carrierBandwidth
[PRBs]
	Range
	Carrier centre
[MHz]
	Carrier centre
[ARFCN]
	point A
[MHz]
	absoluteFrequencyPointA
[ARFCN]
	offsetToCarrier [Carrier PRBs]
	SS block SCS
[kHz]
	GSCN
	absoluteFrequencySSB
[ARFCN]
	

	Offset Carrier CORESET#0
[RBs]
Note 2
	CORESET#0 Index (Offset
[RBs])
Note 1
	offsetToPointA
(SIB1)
[PRBs]
Note 1

	10
	24
	Downlink
	Low
	4405.8
	693720
	4401.48
	693432
	0
	30
	8475
	693696
	24
	0
	0 (0)
	6

	
	
	&
	Mid
	4699.89
	713326
	4658.85
	710590
	102
	
	8679
	713280
	2
	0
	0 (0)
	210

	
	
	Uplink
	High
	4995
	733000
	4809.24
	720616
	504
	
	8884
	732960
	8
	0
	0 (0)
	1008



For low range:  the carrier is shifted up from 4405.02 to 4405.8, which is 26* ΔFRaster ;
For mid range: the carrier is shifted down from 4700.01 to 4699.89, which is 4* ΔFRaster .
Both of them are not in align with the principle in C.3.2 “…then shift Fcarrier up by ΔFRaster for Low range; or down by ΔFRaster for Mid, Mid-Low, Mid-High and High ranges and repeat steps 1a to 1g for a maximum shift of 3 * ΔFRaster…” So the test frequencies are also not valid as per current calculation principle.
Observation 2： Test frequency for low range and mid range of 10MHz CWB + 30kHz SCS for band n79 doesn’t align with current test frequency calculation principle.

3.3	Handling of invalid carrier frequencies 
Based on above discussion, the latest status for n79 10MHz CBW test frequencies can be summarized as below：
	SCS/ frequency range
	15 kHz
	30kHz
	60kHz

	Low
	valid
	invalid
	valid

	Mid
	invalid
	Invalid
	valid

	High
	invalid
	valid
	valid



In single carrier test cases in TS 38.521-1, 15kHz will be tested as lowest SCS and 30kHz will be tested as highest SCS. That means for UE supporting 10MHz CBW on n79, these combination of test conditions can’t be tested:
1) Lowest channel bandwith + lowest SCS + Mid frequency range
2) Lowest channel bandwith + lowest SCS + High frequency range
3) Lowest channel bandwith + highest SCS + low frequency range
4) Lowest channel bandwith + highest SCS + Mid frequency range

In this case, most of test cases in TS 38.521-1 can’t be passed for a good UE supporting 10MHz CBW on n79 due to the invalid test frequencies.
To solve this issue, one of following solutions could be considered:
Option 1:	Select 20MHz as lowest channel bandwidth for band n79 for testing. Update Table 4.3.1.0B-1 to modify lowest CBW to 20MHz. for n79. And remove the test frequencies for 10MHz CBW in subclause 4.3.1.1.1.79. Additional NOTEs may be added into tables if necessary.
Option 2:	Choose the same test frequencies as LOW range for Mid range and High range for 10MHz@15kHz. Choose the same test frequencies as HIGH range for Low range and Mid range for 10MHz@30kHz. Additional NOTEs may be added into tables if necessary.
Option 3:	Update the contents of step 1g in Annex.C.3.2 in 38.508-1[1] to allow exceptions and update the test frequencies for low range and mid range in table 4.3.1.1.1.79-2. 
The frequency range for n79 is 4400 – 5000 MHz and the bandwidth is 600MHz. It’s assumed that the bandwidth is large enough that carrier centre frequency shift of multiple ΔFRaster is acceptable for n79. So Option 3 is considered to be the best approach.
4.	Proposal
Observation 1：Test frequency for mid range and high range of 10MHz CWB + 15kHz SCS for band n79 doesn’t align with current test frequency calculation principle.
Observation 2:	Test frequency for low range and mid range of 10MHz CWB + 30kHz SCS for band n79 doesn’t align with current test frequency calculation principle.
[bookmark: _GoBack]Proposal 1:	Update the contents of step 1g in Annex.C.3.2 in [1] to allow exceptions. Update the test frequencies for n79 10MHz CBW in 4.3.1.1.1.79 in [1]. This proposal is implemented in R5-233699 and R5-233700.
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