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1
Introduction
The purpose of this paper is to discuss and agree on how to calculate and specify the test frequencies for FDD NR bands (n66 and n71) with asymmetric channel bandwidths in [1] TS.38.508-1.

2
Discussion
2.1
Asymmetric UL and DL channel bandwidths

 [2] TS 38.101-1, Table 5.6.3-1 specifies FDD asymmetric UL and DL channel bandwiths for NR bands n66 and n70:

The possible uplink and downlink channel bandwidth combinations are specified in TS 38.101-1 in Table 5.3.6-1 as:

Table 5.3.6-1: FDD asymmetric UL and DL channel bandwidth combinations
	NR Band
	Channel bandwidths for UL (MHz)
	Channel bandwidths for DL (MHz)

	n66
	5, 10
	20, 40

	
	20
	40

	n70
	5
	10, 15

	
	5, 10, 15
	20, 25


[2] TS 38.101-1 clause 5.3.6 further specifies:

The UE channel bandwidth can be asymmetric in downlink and uplink. In asymmetric channel bandwidth operation, the narrower carrier shall be confined within the frequency range of the wider channel bandwidth. 

In FDD, the confinement is defined as a deviation to the default Tx-Rx carrier center frequency separation (defined in table 5.4.4-1) as following:

ΔFTX-RX = | (BWDL – BWUL)/2 |

Observation#1: Test frequencies in [1] TS 38.508-1 for NR bands supporting FDD asymmetric UL and DL channel bandwidth combinations need to be calculated taking the UL and DL bandwidth combinations and the associated requirements as specied in [2] TS.38.101-1, clause 5.3.6 into account.

Proposal#1: For NR bands supporting assymetric channel bandwidth combinations test frequencies are specified for all combinations as specified in TS 38.101-1 clause 5.3.6. 

2.2
Calculating test frequencies for symmetric and asymmetric UL and DL channel bandwidth combinations

For NR bands n66 and n70 the bandwidth of UL and DL are different as specified in [2] TS 38.501-1, clause 5.2:

Table 5.2-1: NR operating bands in FR1

	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

	….
	
	
	

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	….
	
	
	


For n66 the UL bandwidth is 70 MHz and the DL bandwidth is 90 MHz.

For n70 the UL bandwidth is 15 MHz and the DL bandwidth is 25 MHz.

[2] TS 38.101-1, Table 5.4.4-1 specifies the TX-RX frequency seperation for different NR bands. For n66 and n70 the TX-RX frequency seperation is specified as:

Table 5.4.4-1: Default UE TX-RX frequency separation

	NR Operating Band
	TX – RX 
carrier centre frequency
separation

	….
	

	n66
	400 MHz

	n70
	295,3001 MHz

	….
	

	NOTE 1:
Default TX-RX carrier centre frequency separation.


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

To maximize the tested frequency range for the UL/DL case the UL frequency range need to be used as the starting point when calculating the UL and DL test frequencies.

The following principle and formulas is proposed to calculate test frequencies for NR bands with different UL and DL bandwiths as described below, where BWUL and BWDL refer to the carrier’s UL and DL channel bandwidths; and FUL_BW and FDL_BW refer to the band’s total UL and DL bandwidths.
For each symmetric UL and DL channel bandwith combination of the band:

S1. Calculate the UL Low, Mid and High test frequencies:

(S1.1) FUL_LowRange = Ceil((FUL_Low + BWUL/2) / ΔFRaster) * ΔFRaster 
(S1.2) FUL_MidRange = Round((FUL_Low + FUL_BW/2) / ΔFRaster) * ΔFRaster 
(S1.3) FUL_HighRange = Floor((FUL_Low + FUL_BW - BWUL/2) / ΔFRaster) * ΔFRaster 

S2. Calculate the DL Low, Mid and High test frequencies from the UL test frequencies in step 1 and the TX-RX frequency seperation (FTX-RX) for the band:

(S2.1) FDL_LowRange = FUL_LowRange + FTX-RX
(S2.2) FDL_MidRange = FUL_MidRange + FTX-RX
(S2.3) FDL_HighRange = FUL_HighRange + FTX-RX

S3. Calculate the SS/PBCH configuration for the Low, Mid and High DL carriers. This may cause shifting the test frequencies for FDL_LowRange, FDL_MidRange and/or FDL_HighRange to get the carrier aligned to the synchronisation raster. 
If the DL test frequencies have been shifted then replace the DL test frequencies with the modifed values and recalculate the associated UL test frequencies (only done for the range where the frequency have been shifted):
(S3.1) FUL_LowRange = FDL_LowRange_modified - FTX-RX
(S3.2) FUL_MidRange = FDL_MidRange_modified - FTX-RX
(S3.3) FUL_HighRange = FDL_HighRange_modified - FTX-RX
For each asymmetric UL and DL channel bandwith combination of the band:

A1. Calculate the UL Low and High test frequencies:

(A1.1) FUL_LowRange = Ceil((FUL_Low + BWUL/2) / ΔFRaster) * ΔFRaster 
(A1.2) FUL_MidRange = Round((FUL_Low + FUL_BW/2) / ΔFRaster) * ΔFRaster 
(A1.3) FUL_HighRange = Floor((FUL_Low + FUL_BW - BWUL/2) / ΔFRaster) * ΔFRaster 

A2. Calculate the DL Low, Mid and High test frequencies from the UL test frequencies in step 1, the TX-RX frequency seperation (FTX-RX) and the deviation to the default Tx-Rx carrier centre frequency separation (ΔFTX-RX = | (BWDL – BWUL)/2 |) for the band:

(A2.1) FDL_LowRange = FUL_LowRange + FTX-RX + ΔFTX-RX
(A2.2) FDL_MidRange = FUL_MidRange + FTX-RX + ΔFTX-RX
(A2.3) FDL_HighRange = FUL_HighRange + FTX-RX + ΔFTX-RX

A3. Check that the calculated centre test frequencies in formulas (A2.1) and (A2.3) for the BWDL fits in the bands DL frequency range. If not recalculate the FDL_LowRange and/or FDL_HighRange as:
(A3.1) FDL_LowRange = Ceil((FDL_Low + BWDL/2) / ΔFRaster) * ΔFRaster 
(A3.2) FDL_HighRange = Floor((FDL_Low + FUL_BW - BWDL/2) / ΔFRaster) * ΔFRaster
A4. Calculate the SS/PBCH configuration for the Low, Mid and High DL carriers. This may cause shifting the test frequencies for one or more of FDL_LowRange, FDL_MidRange and FDL_HighRange to get the carrier aligned to the synchronisation raster. If modified then use the new values for next step.

A5. If the DL test frequencies have been modified in step A3 or A4 then replace the DL test frequencies with the modifed values and recalculate the associated UL test frequencies (only done for the range where the frequency have been shifted):
(A5.1) FUL_LowRange = FDL_LowRange_modified - FTX-RX - ΔFTX-RX
(A5.2) FUL_MidRange = FDL_MidRange_modified - FTX-RX - ΔFTX-RX 
(A5.3) FUL_HighRange = FDL_HighRange_modified - FTX-RX - ΔFTX-RX
Proposal#2: Use the algorithms and formulas as described in clause 2.2 of this document to calculate test frequencies for symmetric and asymmetric UL and DL channel bandwidth combinations.

3
Proposal

Proposal#1: For NR bands supporting assymetric channel bandwidth combinations test frequencies are specified for all combinations as specified in TS 38.101-1 clause 5.3.6. 

Proposal#2: Use the algorithms and formulas as described in clasue 2.2 of this document to calculate test frequencies for symmetric and asymmetric UL and DL channel bandwidth combinations.
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