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1	Introduction
Current principles for calculating test frequencies for NR CA intra-band non-contiguous configurations does not take UE capability of maximum supported frequency separation between lower edge of lowest component carrier and higher edge of highest component carrier into account.
The purpose of this paper is to propose the principle for calculating the default test frequencies for NR CA intra-band non-contiguous configurations taking UE capability of maximum supported frequency separation into account. 
[bookmark: _Toc490144478]2	Discussion
2.1	Current principle for test frequencies for NR Intra-band Non-Contiguous CA
The current default test frequencies in clause 4.3.1 for NR Intra-band Non-Contiguous CA are based on maximum Wgap between the carrier components of the different bands expanding the full bandwidth of the NR band. This assumes that UE has no restrictions of supported frequency separation between lower edge of lowest component carrier and higher edge of highest component carrier. 
The following sections discuss and propose how the test frequencies for FR1 and FR2, and for the case of with and without UL CA can be selected taking the UE capability of maximum supported frequency separation into account without having to specify alternative test frequencies for each UE capability.
2.2	FR1
2.2.1	FR1 frequency separation classes (Fs)
For FR1 NR intra-band non-contiguous TS 38.101-1 [1] introduced UL CA frequency separation classes (Fs) in Rel-16. This was not needed for Rel-15 as there were no NR CA intra-band non-contiguous configurations with UL CA. 
The FR1 UL CA frequency separation classes (Fs) are specified in TS 38.101-1 [1] v16.7.0, clause 5.3A.5:
[bookmark: _Toc21344205][bookmark: _Toc29801689][bookmark: _Toc29802113][bookmark: _Toc29802738][bookmark: _Toc36107480][bookmark: _Toc37251239][bookmark: _Toc45888025][bookmark: _Toc45888624][bookmark: _Toc59649905][bookmark: _Toc61357169][bookmark: _Toc61358943][bookmark: _Toc67915880]5.3A.5	UE channel bandwidth per operating band for CA
….
For intra-band non-contiguous uplink carrier aggregation, frequency separation class (Fs) specified in Table 5.3A.5-2 indicates the maximum frequency span between lower edge of lowest component carrier and upper edge of highest component carrier that UE can support per band combination in uplink in non-contiguous intra-band operation when the signalling is absent for dualPA-Architecture IE.
….
[bookmark: _Hlk70935595][bookmark: _Hlk70933939]Table 5.3A.5-2: NR intra-band non-contiguous UL CA frequency separation classes
	[bookmark: OLE_LINK36]NR NC UL CA frequency separation class
	[bookmark: _Hlk70935670]Maximum allowed frequency separation

	I
	100 MHz

	II
	200 MHz

	III
	[600 MHz]



The UE capability for UL maximum supported frequency separation is signalled in IEs dualPA-Architecture and intraBandFreqSeparationUL-AggBW-GapBW-r16. If dualPA-Architecture is signalled by the UE then no restriction applies for the UL maximum frequency separation. If dualPA-Architecture is not signalled then the UL maximum frequency separation supported by the UE is signalled in the intraBandFreqSeparationUL-AggBW-GapBW-r16 IE. 

TS 38.331 [5] v16.4.1, clause 5.3A.5:
CA-ParametersNR-v1540 ::=           SEQUENCE {
    …
    dualPA-Architecture                                     ENUMERATED {supported}  OPTIONAL
}

CA-ParametersNR-v1630 ::= SEQUENCE {
	…
    -- R4 7-3a: UL frequency separation class with aggregate BW and Gap BW
    intraBandFreqSeparationUL-AggBW-GapBW-r16         ENUMERATED {classI, classII, classIII}      OPTIONAL,
	…
}

[bookmark: _Hlk70944673]2.2.2	FR1 NR intra-band non-contiguous without UL CA
Observation#1: For FR1 NR intra-band non-contiguous without UL CA there are no UE capability for maximum supported frequency separation.
Proposal#1: For NR CA configurations for FR1 NR intra-band non-contiguous without UL CA test frequencies shall be calculated based on max Wgap utilising the full bandwidth of the NR band.
2.2.3	FR1 NR intra-band non-contiguous with UL CA
FR1 NR intra-band non-contiguous with UL CA the UE capability for maximum supported frequency separation between the lower edge of lowest component carrier and the higher edge of highest component carrier is 100 MHz,  200 MHz or 600 MHz (Fs class I, II and III respectively).
Observation#2: To avoid the need to specify separate default test frequencies dependent on UE capability the lowest value of UE UL capabilities for FR1 maximum supported UL frequency separation that fits the aggregated CBW need to be used as base for the test frequency calculations. 
[bookmark: _Hlk71017953]Proposal#2: It is proposed that the Fs class with the lowest possible UL maximum frequency separation value, that fits the FR1 NR CA intra-band non-contiguous configuration aggregated CBW, is used to calculate the default test frequencies in TS 38.508-1 [1], clause 4.3.1 based on maxWgap within the Fs selected UL maximum frequency separation value.
For FR1 if the bandwidth of the NR band is larger than the maximum allowed frequency separation of the selected NR NC UL CA frequency separation class then will not the full bandwidth of the NR band be covered by one set of test frequencies. To cover the full NR band a second set of test frequency will be needed. 
Observation#3: Two set of test frequencies may be needed to cover the full NR bandwidth for FR1.
Proposal#3: For FR1 if the full bandwidth of the NR band is not covered by one set of test frequencies (LOW) due to the selected maximum frequency separation then two set of test frequencies are used LOW and HIGH range where LOW range is located at the lower edge of the band and HIGH range is located at the higher edge of the band.

Example: Proposal#2 and #3 applied to CA_n77(2A):
According to TS 38.101-1 [1], Clause 5.2 the NR band n77 UL/DL frequency range is 3300 MHz – 4200 MHz (UL/DL bandwidth is 900 MHz).
The CC CBW combinations for CA_n77(2A) are specified in TS 38.101-1 [1] v16.7.0, Table 5.5A.2-1:
Table 5.5A.2-1: NR CA configurations and bandwidth combination sets defined for intra-band non-contiguous CA
	NR CA Configuration
	Uplink Configurations
	Channel bandwidths for carrier
(MHz)
	Channel bandwidths for carrier
(MHz)
	Channel bandwidths for carrier
(MHz)
	Channel bandwidths for carrier
(MHz)
	Maximum
Aggregated bandwidth
(MHz)
	Bandwidth combination set

	….

	CA_n77(2A)
	CA_n77(2A)
	20, 40, 80, 100
	20, 40, 80, 100
	
	
	200
	0

	….



Table 2.2.3-1 list the possible CC UL/DL CBW combinations  (sorted by aggregated CBW), the selected minimum value of maximum allowed frequency separation as per Proposal#1 and the CC1, CC2 and Wgap for LOW and HIGH ranges based on Proposal#2. PCC is the CC at the lower edge of the band for the LOW range and the higher edge of the band for the HIGH range.
Table 2.2.3-1: Test frequencies for CA_n77(2A) with UL CA based on Proposal#1 and Proposal#2
	CC1
CBW
	CC2
CBW
	Aggregated CBW
	[bookmark: _Hlk70940051]Selected Minimum value of Maximum allowed frequency separation
(Proposal#2)
	Test frequencies
(Proposal#3)

	
	
	
	
	LOW
	HIGH

	
	
	
	
	CC1
PCC
DL and UL
	CC2
SCC
DL and UL
	Wgap
	CC1
SCC
DL and UL
	CC2
PCC
DL and UL
	Wgap

	[MHz]
	[MHz]
	[MHz]
	[MHz]
	[MHz]
	[MHz]
	[MHz]
	[MHz]
	[MHz]
	[MHz]

	20
	20
	40
	100
	3300 - 3320
	3380 - 3400
	60
	4100 - 4120
	4180 - 4200
	60

	20
	40
	60
	100
	3300 - 3320
	3360 - 3400
	40
	4100 - 4120
	4160 - 4200
	40

	40
	20
	60
	100
	3300 - 3340
	3380 - 3400
	40
	4100 - 4140
	4180 - 4200
	40

	40
	40
	80
	100
	3300 - 3340
	3360 - 3400
	20
	4100 - 4140
	4160 - 4200
	20

	20
	80
	100
	200
	3300 - 3320
	3420 - 3500
	100
	4000 - 4020
	4120 - 4200
	100

	80
	20
	100
	200
	3300 - 3380
	3480 - 3500
	100
	4000 - 4080
	4180 - 4200
	100

	20
	100
	120
	200
	3300 - 3320
	3400 - 3500
	80
	4000 - 4020
	4100 - 4200
	80

	40
	80
	120
	200
	3300 - 3340
	3420 - 3500
	80
	4000 - 4040
	4120 - 4200
	80

	80
	40
	120
	200
	3300 - 3380
	3460 - 3500
	80
	4000 - 4080
	4160 - 4200
	80

	100
	20
	120
	200
	3300 - 3400
	3480 - 3500
	80
	4000 - 4100
	4180 - 4200
	80

	40
	100
	140
	200
	3300 - 3340
	3400 - 3500
	60
	4000 - 4040
	4100 - 4200
	60

	100
	40
	140
	200
	3300 - 3400
	3460 - 3500
	60
	4000 - 4100
	4160 - 4200
	60

	80
	80
	160
	200
	3300 - 3380
	3420 - 3500
	40
	4000 - 4080
	4120 - 4200
	40

	80
	100
	180
	200
	3300 - 3380
	3400 - 3500
	20
	4000 - 4080
	4100 - 4200
	20

	100
	80
	180
	200
	3300 - 3400
	3420 - 3500
	20
	4000 - 4100
	4120 - 4200
	20

	100
	100
	200
	600
	3300 - 3400
	3800 - 3900
	400
	3600 - 3700
	4100 - 4200
	400



2.3	FR2
[bookmark: _Hlk72747807]2.3.1	FR2 frequency separation classes (Fs)
For FR2 there were UE capabilities (frequency separation classes, Fs) for UL and DL maximum supported frequency separation introduced in Rel-15. The UE capabilities were further extended in Rel-16 by introducing additional frequency separation classes in Rel-16.
For FR2 and UL the UE capability for maximum supported frequency separation is signalled in IEs intraBandFreqSeparationUL and intraBandFreqSeparationUL-v1620i. The possible values for UE capability of FR2 and UL maximum frequency separation are 800 MHz, 1000 MHz, 1200 MHz or 1400 MHz 
Rel-15: TS 38.101-2 v15.13.0 [2], clause 5.3A.4:
[bookmark: _Toc21339283][bookmark: _Toc29804500][bookmark: _Toc36548070][bookmark: _Toc37253288][bookmark: _Toc37253620][bookmark: _Toc37321389][bookmark: _Toc37322574][bookmark: _Toc45889442][bookmark: _Toc52203633][bookmark: _Toc53172423][bookmark: _Toc61118181][bookmark: _Toc67922977]5.3A.4	UE channel bandwidth per operating band for CA
….
[bookmark: OLE_LINK21]Frequency separation class specified in Table 5.3A.4-2 indicates the maximum frequency span between lower edge of lowest component carrier and upper edge of highest component carrier that UE can support per band in downlink or uplink respectively in non-contiguous intra-band operation.
….
Table 5.3A.4-2: Frequency separation classes for non-contiguous intra-band operation
	Frequency separation class
	Frequency separation (Fs) 

	I
	Fs ≤ 800 MHz

	II
	Fs ≤ 1200 MHz

	III
	Fs ≤ 1400 MHz



Rel-16: TS 38.101-2 v16.7.0 [3], clause 5.3A.4:
[bookmark: _Toc21340735][bookmark: _Toc29805182][bookmark: _Toc36456391][bookmark: _Toc36469489][bookmark: _Toc37253898][bookmark: _Toc37322755][bookmark: _Toc37324161][bookmark: _Toc45889684][bookmark: _Toc52196338][bookmark: _Toc52197318][bookmark: _Toc53173041][bookmark: _Toc53173410][bookmark: _Toc61118665][bookmark: _Toc61119047][bookmark: _Toc61119428][bookmark: _Toc67923619]5.3A.4	UE channel bandwidth per operating band for CA
….
[bookmark: OLE_LINK22]For intra-band non-contiguous carrier aggregation, a carrier aggregation configuration is a single operating band supporting two or more sub-blocks, each supporting a carrier aggregation bandwidth class. The requirements are applicable only when Uplink CCs in each UL sub-block are configured within the frequency range between lower edge of lowest downlink component carrier and upper edge of highest downlink component carrier of a DL sub-block.
Frequency separation class (Fs) specified in Table 5.3A.4-2 indicates the maximum frequency span between lower edge of lowest component carrier and upper edge of highest component carrier that UE can support per band in downlink or uplink (DL Fs or UL Fs) respectively in non-contiguous intra-band operation within the bidirectional spectrum. 
The DL-only frequency spectrum is the width of UE frequency spectrum available to network to configure DL CCs only, and it extends on one-side of the bidirectional spectrum in contiguous manner with no frequency gap between the two. Frequency separation class for DL-only spectrum (Fsd) specified in Table 5.3A.4-3 and is declared per band. The frequency separation class for DL-only spectrum (Fsd) can be equal but not larger than the frequency separation (DL Fs). The combined downlink spectrum (DL Fs + Fsd) cannot exceed 2400 MHz. A UE may configure DL-only spectrum  only if the combined downlink spectrum (DL Fs + Fsd) exceeds 1400 MHz. When a UE configures DL-only spectrum, it shall not expect a CC to be configured across the boundary between bidirectional spectrum and DL-only spectrum UE can support respectively.
….
Table 5.3A.4-2: Frequency separation classes for non-contiguous intra-band operation
	Frequency separation class
	Max. allowed frequency separation (Fs) 

	I
	800 MHz

	II
	1200 MHz

	III
	1400 MHz

	IV
	1000 MHz

	V
	1600 MHz

	VI
	1800 MHz

	VII
	2000 MHz

	VIII
	2200 MHz

	IX
	2400 MHz

	X
	400 MHz

	XI
	600 MHz

	NOTE 1: Fs values larger than 1400 MHz apply only to downlink frequency separation.



Table 5.3A.4-3: Frequency separation classes for DL-only spectrum 
	Frequency separation class
	Max. allowed frequency separation (Fsd)

	I
	200 MHz

	II
	400 MHz

	III
	600 MHz

	IV
	800 MHz

	V
	1000 MHz

	VI
	1200 MHz



For FR2 and DL the UE capability for maximum supported frequency separation is signalled in IEs intraBandFreqSeparationDL, intraBandFreqSeparationDL-v1620 and intraBandFreqSeparationDL-Only-r16. The possible values for UE capability of FR2 and DL maximum frequency separation are 400 MHz, 600 MHz, 800 MHz, 1000 MHz, 1200 MHz, 1400 MHz, 1600 MHz, 1800 MHz, 2000 MHz, 2200 MHz or 2400 MHz.
For FR2 and UL the UE capability for maximum supported frequency separation is signalled in IE intraBandFreqSeparationUL and intraBandFreqSeparationUL-v1620. The possible values for UE capability of FR2 and UL maximum frequency separation are 400 MHz, 600 MHz, 800 MHz, 1000 MHz, 1200 MHz or 1400 MHz.Observation#4: To avoid the need to specify separate default test frequencies dependent on UE capability the lowest value of UE DL and UL capabilities for maximum supported frequency separation that fits the aggregated CBW need to be used as base for the test frequency calculations. The UL capability need only to be considered if the FR2 NR intra-band non-contiguous CA configuration includes non-contiguous UL CA.
Proposal#4: It is proposed that the default test frequencies for FR2 NR intra-band non-contiguous CA in TS 38.508-1 [1], clause 4.3.1 is based on maxWgap within the Fs class with the lowest possible maximum frequency separation value that fits the aggregated CBW. The Fs class is selected dependent on if the configuration includes non-contiguous UL CA or not: 
-	Without non-contiguous UL CA: Select the FR2 DL Fs class with the lowest possible maximum frequency separation value, that fits the aggregated CBW;
-	With non-contiguous UL CA: Select the FR2 UL Fs class with the lowest possible maximum frequency separation value, that fits the aggregated CBW;
Similar to what was observed for FR1 a second set of test frequency will be needed if the bandwidth of the NR band is larger than the maximum allowed frequency separation of the selected NR NC UL CA frequency separation class. 
[bookmark: _Hlk72747836]From a test optimisation and complexity perspective and considering that testing of the NR FR2 full bandwidth is covered by the single carrier FR2 test cases it need to be further investigated if necessary test coverage can be achieved by one frequency range (Mid range).
Observation#5: Two set of test frequencies will be needed to cover the full NR bandwidth for FR2.
Proposal#5: For FR2 use two set of test frequencies, LOW and HIGH range, where LOW range is located at the lower edge of the band and HIGH range is located at the higher edge of the band.
Proposal#6: Further investigate the number of required test points, e.g. "Low" and "High" or "Mid".
Example: Proposal #4 and Proposal #4 applied to CA_n261(A-I):
According to TS 38.101-2 [3], Clause 5.2 the NR band n261 UL/DL frequency range is 27500 MHz – 28350 MHz (UL/DL bandwidth is 850 MHz).
The CC CBW combinations for CA_n261(A-I) are specified in TS 38.101-2 [3] v16.7.0, Table 5.5A.2-2:
Table 5.5A.2-2: NR CA configurations with multiple CA bandwidth classes defined for intra-band non-contiguous CA
	CA configuration
	Uplink CA configurations
	Sub-block
	Sub-block
	Sub-block
	…
	Sub-block
	(BWChannel,block) (MHz)
	BCS

	
	
	
	
	
	
	
	
	

	…

	CA_n261(A-I)
	CA_n261G
CA_n261H
CA_n261I
	n261A
	CA_n261I
	
	
	
	800
	0

	…



n261A is a single CC with CBW 50, 100, 200 or 400 MHz.
CA_n261I is an intra-band contiguous configuration with 4 CCs:
Table 5.5A.1-1: NR CA configurations, bandwidth combination sets, and fallback group defined for intra-band contiguous CA
	[bookmark: _Hlk511814538]NR CA configuration / Bandwidth combination set / Fallback group

	NR CA configuration
	Uplink CA configurations
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	BWChannel (MHz)
	Maximum aggregated
BW (MHz)
	BCS
	Fallback group

	….

	CA_n261I
	CA_n261G
CA_n261H
CA_n261I
	50, 100
	100
	100
	100
	
	
	
	
	400
	0
	3

	….



Figure 2.3-1 illustrates proposals #4 and #5 for the FR2 NR intra-band non-contiguous without UL CA and Figure 2.3-2 illustrates FR2 NR intra-band non-contiguous with UL CA_n261I.
For the case of n260A with 400 MHz and CA_n260I with 50+100+100+100=350 MHz the aggregated CBW is 750MHz and DL frequency separation class with 800 MHz can be selected. For the case of n260A with 400 MHz and CA_n260I with 100+100+100+100=400 MHz the aggregated CBW is 800MHz and the DL frequency separation class > 800 MHz need to be selected, i.e. next larger DL frequency separation class 1000 MHz shall be selected. 
Figure 2.3-1:	Test frequencies for CA_n261(A-I) without UL CA

Figure 2.3-2:	Test frequencies for CA_n261(A-I) with UL CA_n261I

3	Proposal
FR1:

Observation#1: For FR1 NR intra-band non-contiguous without UL CA there are no UE capability for maximum supported frequency separation.
Proposal#1: For NR CA configurations for FR1 NR intra-band non-contiguous without UL CA test frequencies shall be calculated based on max Wgap utilising the full bandwidth of the NR band.
Observation#2: To avoid the need to specify separate default test frequencies dependent on UE capability the lowest value of UE UL capabilities for FR1 maximum supported UL frequency separation that fits the aggregated CBW need to be used as base for the test frequency calculations.  
Proposal#2: It is proposed that the Fs class with the lowest possible UL maximum frequency separation value, that fits the FR1 NR CA intra-band non-contiguous configuration aggregated CBW, is used to calculate the default test frequencies in TS 38.508-1 [1], clause 4.3.1 based on maxWgap within the Fs selected UL maximum frequency separation value.
Observation#3: Two set of test frequencies may be needed to cover the full NR bandwidth for FR1.
Proposal#3: For FR1 if the full bandwidth of the NR band is not covered by one set of test frequencies (LOW) due to the selected maximum frequency separation then two set of test frequencies are used LOW and HIGH range where LOW range is located at the lower edge of the band and HIGH range is located at the higher edge of the band.
FR2:
Observation#4: To avoid the need to specify separate default test frequencies dependent on UE capability the lowest value of UE DL and UL capabilities for maximum supported frequency separation that fits the aggregated CBW need to be used as base for the test frequency calculations. The UL capability need only to be considered if the FR2 NR intra-band non-contiguous CA configuration includes non-contiguous UL CA.
Proposal#4: It is proposed that the default test frequencies for FR2 NR intra-band non-contiguous CA in TS 38.508-1 [1], clause 4.3.1 is based on maxWgap within the Fs class with the lowest possible maximum frequency separation value that fits the aggregated CBW. The Fs class is selected dependent on if the configuration includes non-contiguous UL CA or not: 
-	Without non-contiguous UL CA: Select the FR2 DL Fs class with the lowest possible maximum frequency separation value, that fits the aggregated CBW;
-	With non-contiguous UL CA: Select the FR2 UL Fs class with the lowest possible maximum frequency separation value, that fits the aggregated CBW;
Observation#5: Two set of test frequencies will be needed to cover the full NR bandwidth for FR2.
Proposal#5: For FR2 use two set of test frequencies, LOW and HIGH range,  where LOW range is located at the lower edge of the band and HIGH range is located at the higher edge of the band.
Proposal#6: Further investigate the number of required test points, e.g. "Low" and "High" or "Mid".
Pending RAN5 agreement of proposal 1, 2 and 3 for FR1 and 4, 5 and 6 for FR2 Ericsson has submitted the following associated CRs to TS 38.508-1 [2]: 
· in [7] to Annex C to update the description of how test frequencies are calculated for NR CA intra-band non-contiguous configurations; and
· in [8] to [10] to update test frequencies for CA_n77(2A), CA_n78(2A) and CA_n260(A-I).
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