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1 Introduction

The definition of test frequencies for operating bands in FR1 is not completed. This document is aiming to propose a generic procedure for calculating the test frequencies for each operating bands.
2 Discussion
The carrier frequency of a NR carrier is indicated indirectly by RRC parameters absoluteFrequencyPointA and offsetToCarrier. The applicable channel raster entries in an operating band need to be considered as well. According to TS 38.101-1 and TS 38.133, following observations can be made.
Observation 1: The channel bandwidth of a carrier has to be confined to the operating band frequency range.

The restriction of Fc can be denoted as:

FLow + SCS*12*NRB/2 + GBmin <= Fc <= FHigh - SCS*12*NRB/2 - GBmin, 
Observation 2: The test frequency has to be among the applicable channel raster entries of the operating band.

The channel raster entries are defined in TS 38.101-1 subclause 5.4.2.3.

Table 5.4.2.3-1: Applicable NR-ARFCN per operating band

	NR Operating Band
	ΔFRaster 

(kHz) 
	Uplink

Range of NREF

(First – <Step size> – Last)
	Downlink

Range of NREF

(First – <Step size> – Last)

	n1
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n2
	100
	370000 – <20> – 382000
	386000 – <20> – 398000

	n3
	100
	342000 – <20> – 357000
	361000 – <20> – 376000

	n5
	100
	164800 – <20> – 169800
	173800 – <20> – 178800

	n7
	100
	500000 – <20> – 514000
	524000 – <20> – 538000

	n8
	100
	176000 – <20> – 183000
	185000 – <20> – 192000

	n12
	100
	139800 – <20> – 143200
	145800 – <20> – 149200

	n20
	100
	166400 – <20> – 172400
	158200 – <20> – 164200

	n25
	100
	370000 – <20> – 383000
	386000 – <20> – 399000

	n28
	100
	140600 – <20> – 149600
	151600 – <20> – 160600

	n34
	100
	402000 – <20> – 405000
	402000 – <20> – 405000

	n38
	100
	514000 – <20> – 524000
	514000 – <20> – 524000

	n39
	100
	376000 – <20> – 384000
	376000 – <20> – 384000

	n40
	100
	460000 – <20> – 480000
	460000 – <20> – 480000

	n41
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	30
	499200 – <6> – 537996
	499200 – <6> – 537996

	n51
	100
	285400 – <20> – 286400
	285400 – <20> – 286400

	n66
	100
	342000 – <20> – 356000
	422000 – <20> – 440000

	n70
	100
	339000 – <20> – 342000
	399000 – <20> – 404000

	n71
	100
	132600 – <20> – 139600
	123400 – <20> – 130400

	n75
	100
	N/A
	286400 – <20> – 303400

	n76
	100
	N/A
	285400 – <20> – 286400

	n77
	15
	620000 – <1> – 680000
	620000 – <1> – 680000

	
	30
	620000 – <2> – 680000
	620000 – <2> – 680000

	n78
	15
	620000 – <1> – 653333
	620000 – <1> – 653333

	
	30
	620000 – <2> – 653332
	620000 – <2> – 653332

	n79
	15
	693334 – <1> – 733333
	693334 – <1> – 733333

	
	30
	693334 – <2> – 733332
	693334 – <2> – 733332

	n80
	100
	342000 – <20> – 357000
	N/A

	n81
	100
	176000 – <20> – 183000
	N/A

	n82
	100
	166400 – <20> – 172400 
	N/A

	n83
	100
	140600 – <20> –149600
	N/A

	n84
	100
	384000 – <20> – 396000
	N/A

	n86
	100
	342000 – <20> – 356000
	N/A


For NR operating bands with 100kHz channel raster, the channel raster entries can be denoted as FLow + x*100kHz;
For NR operating bands with 15kHz channel raster, the channel raster entries can be denoted as Ceiling(FLow/15, 1)*15 + x*15kHz;
For NR operating bands with 30kHz channel raster, the channel raster entries can be denoted as Ceiling(FLow/30, 1)*30 + x*30kHz.

Observation 3: The offset between Point A and the lowest usable subcarrier has to be multiples of PRB.

The offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier in number of PRBs is decided by RRC IE offsetToCarrier.
Observation 4: When the point A is determined, the step between applicable test frequencies is further limited to the least common multiple of ΔFRaster and the size of PRB. This can be derived from observation 2 and observation 3.
Observation 4a: For NR operating bands with 100kHz channel raster, when the point A is determined, the step between applicable test frequencies is {900kHz, 1800kHz, 3600kHz} for SCS={15kHz, 30kHz, 60kHz}.
Observation 4b: For NR operating bands with 100kHz channel raster, when the point A is determined, there is a possibility that not both of the lowest edge and the highest edge of the operating band are tested.
Taking Band n71(663MHz~698MHz for UL, and 617MHz~652MHz for DL) as an example, if the channel bandwidth is 10MHz and SCS is 30kHz, the step between applicable test frequencies is 1800kHz. When the point A is selected as 662.96MHz, the applicable test frequencies are among {668.0MHz, 669.8MHz, 671.6MHz,…, 689.6MHz, 691.4MHz}. We can see the lowest edge of Band n71, which is 668.0MHz, is tested, but the highest edge of Band n71, which is 683.0MHz, is not tested.
Proposal 1: For NR operating bands with 100kHz channel raster, use different point A to test lowest and highest edge of the operating band respectively.
There are 2 options for selecting point A in below table. Option 1 is using one single point A but the highest edge of Band n71 is not tested. Option 2 is using 2 different point A for lowest and highest test frequencies respectively. In order to ensure the test coverage of frequency range, it is proposed to adopt Option 2 when deciding test frequency.
	Option 1
	Option 2

	Point A
	662.96MHz (NR-ARFCN=132592)
	Point A for Lowest Fc
	662.96MHz (NR-ARFCN=132592)

	offsetToCarrier for Lowest Fc
	2
	offsetToCarrier for Lowest Fc
	2

	Lowest Fc
	665.5MHz (NR-ARFCN=133100)
	Lowest Fc
	668.0MHz (NR-ARFCN=133600)

	offsetToCarrier for Highest Fc
	67
	Poin A for Highest Fc
	662.76MHz (NR-ARFCN=132552)

	Highest Fc
	691.4MHz (NR-ARFCN=138280)
	offsetToCarrier for Highest Fc
	72

	
	
	Highest Fc
	693.0MHz (NR-ARFCN=138600)


Based on above observations and Proposal 1, a generic procedure to decide the test frequency is considered as below:
1. Decide the test frequency fc based on ΔFRaster 
Lowest test frequency is selected as: Fc_lowest = Ceiling( (FLow + SCS*12*NRB/2 + GBmin)/ΔFRaster) * ΔFRaster
Mid test frequency is selected as: Fc_mid = Round( 0.5*(FLow+FHigh)/ΔFRaster) * ΔFRaster
Highest test frequency is selected as: Fc_highest = Floor( (FHigh - SCS*12*NRB/2 - GBmin)/ΔFRaster) * ΔFRaster
2. Lowest usable subcarrier is: RElowest = Fc - SCS*12*NRB/2.

3. Choose an integer x to find RElowest – x*PRB which is nearest the FLow, then Point A is selected as 2PRBs lower than RElowest – x*PRB: point A = RElowest – Round((RElowest - FLow) / SCS*12)*SCS*12 - SCS*12*2.
4. For NR operating bands with 100kHz channel raster, an offset might be applied to Mid test frequency to allow the same point A is used by Lowest/Mid test frequency.

5. For NR operating bands with 15kHz/30kHz channel raster, an offset might be applied to Mid/Highest test frequency to allow the same point A is used by Lowest/Mid/Highest test frequency.
Proposal 2: The selection of default Low/Mid/High test frequencies follows above procedures.
3 Conclusion
Based on above discussion, it is proposed that RAN5 consider following observations and endorse following proposals:
Observation 1: The channel bandwidth of a carrier has to be confined to the operating band frequency range.

Observation 2: The test frequency has to be among the applicable channel raster entries of the operating band.

Observation 3: The offset between Point A and the lowest usable subcarrier has to be multiples of PRB.

Observation 4: When the point A is determined, the step between applicable test frequencies is further limited to the least common multiple of ΔFRaster and the size of PRB. This can be derived from observation 2 and observation 3.

Observation 4a: For NR operating bands with 100kHz channel raster, when the point A is determined, the step between applicable test frequencies is {900kHz, 1800kHz, 3600kHz} for SCS={15kHz, 30kHz, 60kHz}.

Observation 4b: For NR operating bands with 100kHz channel raster, when the point A is determined, there is a possibility that not both of the lowest edge and the highest edge of the operating band are tested.
Proposal 1: For NR operating bands with 100kHz channel raster, use different point A to test lowest and highest edge of the operating band respectively.
Proposal 2: The selection of default Low/Mid/High test frequencies follows below procedures.
1. Decide the test frequency fc based on ΔFRaster 
Lowest test frequency is selected as: Fc_lowest = Ceiling( (FLow + SCS*12*NRB/2 + GBmin)/ΔFRaster) * ΔFRaster
Mid test frequency is selected as: Fc_mid = Round( 0.5*(FLow+FHigh)/ΔFRaster) * ΔFRaster
Highest test frequency is selected as: Fc_highest = Floor( (FHigh - SCS*12*NRB/2 - GBmin)/ΔFRaster) * ΔFRaster
2. Lowest usable subcarrier is: RElowest = Fc - SCS*12*NRB/2.

3. Choose an integer x to find RElowest – x*PRB which is nearest the FLow, then Point A is selected as 2PRBs lower than RElowest – x*PRB: point A = RElowest – Round((RElowest - FLow) / SCS*12)*SCS*12 - SCS*12*2.
4. For NR operating bands with 100kHz channel raster, an offset might be applied to Mid test frequency to allow the same point A is used by Lowest/Mid test frequency.

5. For NR operating bands with 15kHz/30kHz channel raster, an offset might be applied to Mid/Highest test frequency to allow the same point A is used by Lowest/Mid/Highest test frequency.
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