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1 IntroductionAt RAN5#85 meeting, the following Action Point was created.
	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#85.21
	RF
	Define framework for NR CA Rx test optimization by re-using higher order fallbacks results


	E///, Huawei, Anritsu, Qualcomm, CAICT, Samsung, DCM, CMCC, DISH, WE Certification
	R5-198342
	RAN5#87
	Open


This paper looks back at how test optimization of lower order fallbacks in CA Rx test cases was solved for LTE and proposes how to specify it for NR. It is the result of an offline discussion among compnies responsible for the AP.
This proposal includes a re-structuring of Rx CA test cases in TS38.521-1.

It also includes a proposal on how to expand the current very generic TP analysis in 38.905 to a more detailed analysis including also the per CA configuration settings that are required in the test case.
2 Mechanism for skipping fallbacks in LTE
The logic for selecting if a test is needed considering supported higher order CA configuration is implemented in the “Tested Bands / CA-Configurations Selection” column in Table 4.1-1 of 36.521-2. 

In this section, test cases Maximum input level for 3DL CA and Reference sensitivity level for 3DL CA are used as examples to show the principle. 

2.1 Example 1: Maximum input level for 3DL CA 

In this test it is previously analyzed (R5-187864) that a lower order fallback can be skipped only in some cases. Fallbacks can be skipped in all cases except BW class E->D and B->A since the core requirements are different in this case.
Table 4.1-1: Applicability of RF conformance test cases, ref. TS 36.521-1 [1]

	Clause
	Title
	Release
	Applicability
	Tested Bands / CA-Configurations

Selection
	Branch
	Additional Information

	
	
	
	Condition
	Comments
	
	
	

	…
	
	
	
	
	
	
	

	7.4A.5
	Maximum input level for 3DL CA
	Rel-10
	C121
	UE supporting E-UTRA and 3DL with CA configurations in Table 4.1-3
	E22
	FDD_2Rx, FDD_4Rx, TDD_2Rx, TDD_4Rx, FDD-TDD_2Rx, FDD-TDD_4Rx
	

	
	
	Rel-11
	C122
	UE supporting E-UTRA and 3DL with CA configurations in Table 4.1-3
	
	
	

	
	
	Rel-12
	C123
	UE supporting E-UTRA and 3DL CA with CA configurations in Table 4.1-3
	
	
	

	
	
	Rel-13
	C268
	UE supporting E-UTRA and 3DL CA with CA configurations in Table 4.1-3 under FS3
	
	
	

	
	
	Rel-13
	C269
	UE supporting E-UTRA and 3DL CA with CA configurations in Table 4.1-3 under FS3
	
	
	


The condition deciding which bands to test (E22) is defined in Table 4.1-1c:

Table 4.1-1c: Tested CA Configurations Selection Criteria

	Code
	Selection
	Comment

	…
	
	

	E07
	((A.4.6.1-3 AND NOT UL(A.4.6.1-3)) OR (A.4.6.2-3 AND NOT UL(A.4.6.2-3)) OR (A.4.6.3-3 AND NOT UL(A.4.6.3-3)) OR (A.4.6.3-4 AND NOT UL(A.4.6.3-4)) OR (A.4.6.3-5 AND NOT UL(A.4.6.3-5))) AND CARRIER_NO(3)
	All supported 3DL CA without UL

	DL_FALLBACKS
	FALLBACK(A.4.6.1-3) OR FALLBACK(A.4.6.2-3) OR FALLBACK(A.4.6.3-3) OR FALLBACK(A.4.6.3-4) OR FALLBACK(A.4.6.3-5)
	All DL Fallbacks of supported CA Configurations

	DL_FALLBACKS_EtoD
	FALLBACK_EtoD(A.4.6.1-3) OR FALLBACK_EtoD(A.4.6.2-3) OR FALLBACK_EtoD(A.4.6.3-3) OR FALLBACK_EtoD(A.4.6.3-4) OR FALLBACK_EtoD(A.4.6.3-5)
	All DL Fallbacks of supported CA Configurations where BW class for one sub-block has changed from class E to class D 

	DL_FALLBACKS_BtoA
	FALLBACK_BtoA(A.4.6.1-3) OR FALLBACK_BtoA(A.4.6.2-3) OR FALLBACK_BtoA(A.4.6.3-3) OR FALLBACK_BtoA(A.4.6.3-4) OR FALLBACK_BtoA(A.4.6.3-5)
	All DL Fallbacks of supported CA Configurations where BW class for one sub-block has changed from class B to class A 

	E18
	UL(A.4.6.1-3 OR A.4.6.2-3 OR A.4.6.3-3 OR A.4.6.3-4) AND CARRIER_NO(3)
	All support 3DL CA with UL CA

	E19
	E07 AND NOT DL_FALLBACKS OR E18 {AND DL_FALLBACKS}
	All support 3DL CA without UL CA, that are not fallbacks of 4DL CA. OR All support 3DL CA with UL CA

	…
	
	

	E22
	(E07 AND NOT DL_FALLBACKS) OR

(E07 AND DL_FALLBACKS_EtoD) OR (E07 AND DL_FALLBACKS_BtoA) OR E18
	All supported 3DL CA without UL CA, that are not fallbacks of 4DL CA except class E to D and class B to A fallback. OR All supported 3DL CA with UL CA

	…
	
	

	Note:
CA Configuration Selection is based on set theory. Each CA Configuration is designated by its name, including bands and BW classes, e.g. CA_1A-5A. The following operators are used:



AND: 
Set intersection ( [image: image1.png]





 ). {CA_1C,CA_1A-5A} AND {CA_1C, CA_2A-4A } = CA_1C



OR: 
Set union ( [image: image2.png]





 ). {CA_1C,CA_1A-5A} OR {CA_1C, CA_2A-4A } = {CA_1C,CA_1A-5A, CA_2A-4A}



NOT: 
Set complement (\), full set being all possible CA Configurations





Also note that this is set without repetitions so {CA_1C} AND {CA_1C} = {CA_1C}


The following basic sets are used:



FDD:
All FDD-only CA Configurations



TDD: 
All TDD-only CA Configurations



FDD-TDD: 
All mixed CA Configurations



{CA_1C}:
Explicitly given CA Configurations



CARRIER_NO(n): All CA Configurations with n Carriers, e.g. for n=2 CA_1C and CA_1A-5A would be a part of this set



BAND_NO(n): All CA Configurations containing n Bands, e.g.. for n=2, CA_1A-5A and CA_1A-41C are part of this set



BWCLASS(x): All CA Configurations containing BW Class x, e.g.. for x=C, CA_1C and CA_1A-41C are part of this set



DL_ONLY_BAND: All CA configurations containing a DL-only band, e.g. CA_20A-32A is part of this set


The following sets derived from pro-forma tables are also used:



A.4.6.X-Y: All supported DL CA Combinations defined in table A.4.6.X-Y



UL(A.4.6.X-Y): All DL CA Combinations that also support UL CA with any number of carriers >1, as per column




"Supported CA Bandwidth Class(es) in UL" defined in table A.4.6.X-Y.



UL_2CC(A.4.6.X-Y): All DL CA Combinations that also support 2 Carrier UL CA, as per column




"Supported CA Bandwidth Class(es) in UL" defined in table A.4.6.X-Y. Note that DL might support a larger 


number of carriers than UL.



UL_3CC(A.4.6.X-Y): All DL CA Combinations that also support 3 Carrier UL CA, as per column "Supported CA Bandwidth Class(es) in UL" defined in 

table A.4.6.X-Y



FALLBACK(A.4.6.X-Y): Fallback DL CA Combinations of supported CA Combinations defined in Table A.4.6.X-Y



FALLBACK_EtoD(A.4.6.X-Y): Fallback DL CA Combinations of supported CA Combinations defined in Table 



A.4.6.X-Y where BW class for one sub-block has changed from class E to class D



FALLBACK_BtoA(A.4.6.X-Y): Fallback DL CA Combinations of supported CA Combinations defined in Table



A.4.6.X-Y where BW class for one sub-block has changed from class B to class A



FALLBACK_LAA(A.4.6.X-Y): Fallback DL CA Combinations of supported CA Combinations defined in Table 



A.4.6.X-Y where BW class for B46 or B49 band changed from class E to D, D to C or C to A



FALLBACK_UL(A.4.6.X-Y): Fallback DL and UL CA Combinations of supported CA Combinations defined in 


Table A.4.6.X-Y. This set only includes Combinations with same CA Capability in UL and DL


Condition E22 excludes bands where the UE is supporting a higher order CA configuration (If the UE supports 4DL CA, the 4DL CA test should be run and the 3DL fallback can be skipped).

It uses the defined set “FALLBACK(A.4.6.X-Y)” to find all the lower order fallbacks of all the UE supported CA configurations declared in table A.4.6.X-Y. The definition of a fallback is further specified in Table 4.1-2 but is not directly referenced in any condition. This means that the fallback case will be listed and excluded even if the UE misses to declare support of the fallback case.

Table 4.1-2: Default Fallback Bands and Fallback CA Configurations

	CA Configuration
	Default Fallback Bands
	Default Fallback CA Configurations (Note 3)

	CA_XC (2 carrier intra-band contiguous)
	X
	-

	CA_XB (2 carrier intra-band contiguous)
	X
	-

	CA_XA-YA (2 carrier inter-band)
	X,Y
	-

	CA_XA-XA (2 carrier intra-band non-contiguous)
	X
	-

	CA_XD (3 carrier intra-band contiguous)
	X
	CA_XC

	CA_XA-YA-ZA (3 carrier inter-band)
	X,Y,Z
	CA_XA-YA,

CA_XA-ZA,

CA_YA-ZA

	CA_XC-YA(3 carrier intra-band contiguous + inter-band)2
	X,Y
	CA_XC,

CA_XA-YA

	CA_XB-YA(3 carrier intra-band contiguous + inter-band)2
	X,Y
	CA_XB,

CA_XA-YA

	CA_XA-XA-YA(3 carrier intra-band non-contiguous + inter-band)2
	X,Y
	CA_XA-YA,

CA_XA-XA

	CA_XC-XA(3 carrier intra-band non-contiguous + intra-band contiguous)2
	X
	CA_XC,

CA_XA-XA

	….
	
	

	Note 1:
Table used for deriving default fallbacks in sections A.4.6.1,2 and 3.

Note 2:
Also applicable for different band orderings (e.g.. YA-XC). 

Note 3: 
Only the CA fallback configuration with 1 less CC indicated. To get the full list of fallback configurations, all fallback configurations down to 2 carrier are recursively generated.


Now let’s use an example UE supporting 4DL CA (no UL CA support) and the following configurations:

	Max capability (4DL)
	Fallbacks (3DL, 2DL)
	

	4DL
	3DL
	3DL
	2DL
	

	1A-3A-5A-7A
	
	1A-3A-5A,

1A-3A-7A,

1A-5A-7A,

3A-5A-7A
	1A-3A

1A-5A

1A-7A

3A-5A

3A-7A

5A-7A
	

	40E
	
	40D
	40C
	

	-
	41D
	
	41C
	


The set E22 can be divided into 4 sub-sets
1. (E07 AND NOT DL_FALLBACKS) OR

2. (E07 AND DL_FALLBACKS_EtoD) OR 

3. (E07 AND DL_FALLBACKS_BtoA) OR 
4. E18
“All 3DL configs”








E07 






{1A-3A-5A, 1A-3A-7A, 1A-5A-7A, 3A-5A-7A, 40D, 41D}

“All fallbacks” 









DL_FALLBACKS 


{1A-3A-5A, 1A-3A-7A, 1A-5A-7A, 3A-5A-7A, 40D, 41C} 

“Fallbacks where BW class change E->D” 
DL_FALLBACKS_EtoD
{40D}

“Fallbacks where BW class change B->A” 
DL_FALLBACKS_BtoA
{}

“All 3DL configs with UL CA”





E18






{}

1. E07 AND NOT DL_FALLBACKS 


{41D}

2. E07 AND DL_FALLBACKS_EtoD


{40D}
3. E07 AND DL_FALLBACKS_BtoA


{}
4. E18




{}
Result: The 3DL test shall be performed in 40D and 41D and the rest can be skipped

2.2 Example 2: Reference sensitivity with fallback exception

In this test it is previously decided and documented in TR36.905 that a lower order fallback can be skipped if a test point analysis spreadsheet is done and attached in TR36.905. At the moment, the number of TP analyses in the TR is low meaning in most cases it is not allowed to skip the fallback case. However, there is no mechanism in 36.521-2 to enforce this requirement meaning all fallbacks are automatically skipped anyway. 

In few cases TP analysis has been made and has concluded that the fallback cannot be skipped. In such a case the CA configuration is listed as a fallback exception in 36.521-2. This mechanism is explained in this section.

Some scenarios where a fallback exception was required in LTE:
1. The higher order config cannot have UL in one of the bands
a. UL not possible in B41 in CA_1A-41A-42A
b. To ensure proper test coverage when PCC is in B41, the fallback case CA_41A-42A need to be tested.

2. The CA band frequency range is restricted compared to single carrier (e.g. CA)

a. B28 frequency range in CA_1A-8A-28A is restricted
b. To ensure proper test coverage in B28, the fallback case CA_1A-28A need to be tested.
There may be other scenarios than the above that can occur, but no such example exist today. For example, if the UL config in the higher order CA config is less demanding for the UE (less PRBs), or if the tested BW in the higher order CA config is less than in the lower order case.  
Table 4.1-1: Applicability of RF conformance test cases, ref. TS 36.521-1 [1]

	Clause
	Title
	Release
	Applicability
	Tested Bands / CA-Configurations

Selection
	Branch
	Additional Information

	
	
	
	Condition
	Comments
	
	
	

	…
	
	
	
	
	
	
	

	7.3A.5
	Reference sensitivity level for 3DL CA
	Rel-10
	C121
	UE supporting E-UTRA and 3DL with CA configurations in Table 4.1-3
	E19
	FDD_2Rx, FDD_4Rx, TDD_2Rx, TDD_4Rx, FDD-TDD_2Rx, FDD-TDD_4Rx
	

	
	
	Rel-11
	C122
	UE supporting E-UTRA and 3DL with CA configurations in Table 4.1-3
	
	
	

	
	
	Rel-12
	C123
	UE supporting E-UTRA and 3DL CA with CA configurations in Table 4.1-3
	
	
	

	
	
	Rel-13
	C268
	UE supporting E-UTRA and 3DL CA with CA configurations in Table 4.1-3 under FS3
	
	
	

	
	
	Rel-13
	C269
	UE supporting E-UTRA and 3DL CA with CA configurations in Table 4.1-3 under FS3
	
	
	


	E19
	E07 AND NOT DL_FALLBACKS OR E18 {AND DL_FALLBACKS}
	All support 3DL CA without UL CA, that are not fallbacks of 4DL CA. OR All support 3DL CA with UL CA


Condition E19 above excludes bands where the UE is supporting a higher order CA configuration (If the UE supports 4DL CA, the 4DL CA test should be run and the 3DL fallback can be skipped), similar to example 1.

This means that fallbacks are automatically skipped whether the fallbacks have been analyzed or not, which is incorrect as is already mentioned.

For refsens the notation “fallback exception” becomes important. 

Table A.4.6.3-4: Supported CA configurations for Inter-band CA (three bands)

	E-UTRA CA configuration / Item

(Note 1)
	Release
	Supported
	Supported CA Bandwidth Class(es) in UL

(Note 2,7)
	Supported UL Bands

(Note 9)
	Supported Bandwidth Combination Set(s)

(Note 3)
	Fallback Bands Exception

(Note 5,8)
	Fallback CA configurations Exceptions

(Note 6,8)
	Supported band(s) for 4 layer spatial multiplexing

(Note 10)

	CA_1A-41A-42C
	Rel-14
	
	
	1, 42
	
	41
	41A-42C
	

	…
	
	
	
	
	
	
	
	

	Note 1:
Notation used for intra-band contiguous CA Bands is according to TS 36.101 [2] Table 5.6A.1-2a, e.g. ‘CA_1A-3A-19A’ indicates CA operation on E-UTRA bands 1, 3 and 19, each with CA Bandwidth class A.

Note 2:
The UL CA capabilities as per Table A.4.6-2 can be supported on a single or multiple CA Band(s). The UE supplier shall indicate all supported UL CA Bandwidth Class(es), in uplink of the supported CA Band(s), as per TS 36.101 [2] Table 5.6A.1-2a. The UE shall also indicate in which bands is UL supported. For this release of specification valid choices are ‘N’, ‘XA-YA’ etc, where X,Y,Z are the bands. For example, for UL support in B1+B3, and B3+B19, for CA_1A-3A-19A, UE shall indicate ‘1A-3A’,’3A-19A’,

Note 3:
The UE supplier shall indicate the supported Bandwidth Combination Set(s) as per TS 36.101 [2] Table 5.6A.1-2a.

Note 4:
Reference to all items is 36.101, 5.6A and 36.331, 6.3.6

Note 5:
Fallback Bands Exceptions column is used for the FALLBACK() operator in "Tested Band Selection Criteria" (Table 4.1-1b). FALLBACK(A.4.6.3-4) shall return a set of all fallback bands of the supported CA Configurations, i.e. a union of bands included in each CA Configuration, derived according to Table A.4.1-2, with the following additional conditions:

1.
Band is not listed in the Fallback Band Exceptions for the considered CA Configuration

2.
UL is supported in the band for the considered CA Configuration, according to Supported UL Bands Column

3.
Maximum allowed channel BW in the band is included in at least one of the supported Bandwidth Combination Sets supported by the considered CA Configuration

Note 6:
Fallback CA configurations Exceptions column is used for the FALLBACK() and FALLBACK_UL() operators in "Tested CA Configurations Criteria" (Table 4.1-1c). FALLBACK(A.4.6.3-4) shall return a set of all fallback CA Configurations of supported CA Configurations, derived according to Table A.4.1-2, with the following additional conditions:

1.
Fallback CA Configuration is not listed in "Fallback CA Configurations Exceptions"

2.
UL is supported in each Fallback CA Configuration band that is not downlink-only, according to Supported UL Bands Column

3.
Maximum allowed channel BW in each Fallback CA Configuration band is included in at least one of the supported CA Configuration Bandwidth Combination Sets.

Note 7:
UL(A.4.6.3-4) shall return all supported CA Configurations where at least one >1 Carrier UL CA Bandwidth Class was declared in column "Supported CA Bandwidth Class(es) in UL"
UL_2CC(A.4.6.3-4) shall return all supported CA Configurations where at least one 2 Carrier UL CA Bandwidth Class was declared in column "Supported CA Bandwidth Class(es) in UL".
UL_3CC(A.4.6.3-4) shall return all supported CA Configurations where at least one 3 Carrier UL CA Bandwidth Class was declared.

Note 8:
The exceptions columns are pre-filled, please do not fill out. Exceptions are possible if there are big differences between CA Configuration and Fallback CA Configuration/band definitions. For example, CA_18A-28A uses only a part of B28, so 28 will be listed as an exception.

Note 9:
List all the CA Combination bands where UL is supported.

Note 10:
The UE supplier shall indicate the frequency bands where 4 layer spatial multiplexing is supported in the supported CA Configurations.


Example:

UE supports 4DL CA without UL CA with configuration CA_1A-41A-42C. 

	Max capability
	Fallbacks
	

	4DL
	3DL
	3DL
	2DL
	

	1A-41A-42C
	
	1A-41A-42A,

1A-42C,

41A-42C
	…
	


The set E19 can be divided into 2 sub-sets
1. E07 AND NOT DL_FALLBACKS) OR

2. E18 {AND DL_FALLBACKS}
“All 3DL configs”




E07 




{1A-41A-42A, 1A-42C, 41A-42C}

“All fallbacks” 





DL_FALLBACKS 
{1A-41A-42A, 1A-42C, 41A-42C} 
41A-42C fallback is removed from the list due to being identified as fallback exception in table above
“All 3DL configs with UL CA”

E18




{}   
1. E07 AND NOT DL_FALLBACKS 



{41A-42C}
2. E18 {AND DL_FALLBACKS}





{}

Result: The 3DL test shall be performed in 41A-42C and the rest can be skipped
3 Analysis of NR FR1 SA CA Rx test cases
3.1 Refsens

3.1.1 Requirements

Requirements for CA refsens in 38.101-1 V16.3.0 are divided into three separate sub-sections harmonic interference, intermodulation and cross band isolation.
7.3A.4
Reference sensitivity exceptions due to UL harmonic interference for CA

Sensitivity degradation is allowed for a band in frequency range 1 if it is impacted by UL harmonic interference from another band in frequency range 1 of the same CA configuration. Reference sensitivity exceptions are specified in Table 7.3A.4-1 with uplink configuration specified in Table 7.3A.4-2.
Table 7.3A.4-1: Reference sensitivity exceptions due to UL harmonic for NR CA FR1

	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	n1
	n771,2
	
	23.9
	22.1
	20.9
	
	
	17.9
	16.8
	16.0
	14.8
	14.3
	13.8

	
	n773
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n2
	n481, 2
	27.1
	23.9
	22.1
	20.9
	
	
	17.9
	16.912
	16.112
	14.812
	14.312
	13.812

	
	n483
	1.9
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	2
	n781,2
	
	23.9
	22.1
	20.9
	
	
	17.9
	16.8
	16.0
	14.8
	14.3
	13.8

	
	n783
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n3
	n771,2
	
	23.9 
	22.1 
	20.9 
	
	
	17.9
	16.9
	16.1
	14.8
	14.3
	13.8

	
	n773
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	
	n781,2
	
	23.9 
	22.1 
	20.9 
	
	
	17.9
	16.9
	16.1
	14.8
	14.3
	13.8

	
	n783
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n5
	n784,5
	
	10.5
	8.9
	7.8
	
	
	5.4
	
	
	
	
	

	n8
	n311
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	
	
	
	
	
	

	
	n418,9
	
	13.0
	11.3
	10.1
	
	
	7.0
	6.1
	5.5
	4.3
	3.9
	3.5

	
	n784,5
	
	10.8
	9.1
	8.0
	
	
	5.1
	4.2
	3.5
	2.3
	2.1
	1.4

	
	n796,7
	
	
	
	
	
	
	6.8
	6.2
	5.6
	4.9
	
	4.4

	n20
	n784,5
	
	10.8
	9.1
	8
	
	
	6
	4.0
	3.2
	2.0
	1.5
	1.0

	25
	n781,2
	
	23.9
	22.1
	20.9
	
	
	17.9
	16.8
	16.0
	14.8
	14.3
	13.8

	
	n783
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n28
	n18,9
	10.2
	7.6
	6.2
	5.3
	
	
	
	
	
	
	
	

	
	n501,2
	
	19.8
	18.0
	16.8
	
	
	13.8
	12.8
	12.0
	10.8
	
	

	
	n751,2
	28.1
	25.3
	24.0
	22.8
	
	
	
	
	
	
	
	

	
	n776,7
	
	10.4
	8.9
	7.8
	
	
	4.7
	3.7
	3
	1.7
	1.2
	0.7

	
	n786,7
	
	10.4
	8.9
	7.8
	
	
	4.7
	3.7
	3
	1.7
	1.2
	0.7

	n66
	n481, 2
	27.1
	23.9
	22.1
	20.9
	
	
	17.9
	16.912
	16.112
	14.812
	14.312
	13.812

	
	n483
	1.9
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n66
	n781,2
	
	23.9
	22.1
	20.9
	
	
	17.9
	16.8
	16.0
	14.8
	14.3
	13.8

	
	n783
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n71
	n2510
	10
	7.5
	6
	5.1
	
	
	
	
	
	
	
	

	
	n414,5
	
	10.8
	9.1
	8.0
	
	
	5.1
	4.2
	3.5
	2.3
	2.1
	1.4

	
	n708,9
	9.9
	7.1
	6.7
	4.9
	4.1
	
	
	
	
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range ∆FHD above and below the edge of this downlink transmission bandwidth. The value ∆FHD depends on the band combination: ∆FHD = 10 MHz for CA_n1-n77, CA_n2-n78, CA_n3-n77, CA_n3-n78, CA_n2-n48, CA_n25-n78, CA_n48-n66, CA_n66-n78.
NOTE 2:
The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that 
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NOTE 3:
The requirements are only applicable to channel bandwidths no larger than 20 MHz and with a carrier frequency at 
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are the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.

NOTE 4:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.
NOTE 5:
The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: image12.wmf]/0.40.1
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NOTE 6:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 5th transmitter harmonic is within the downlink transmission bandwidth of a high band.

NOTE 7:
The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: image16.wmf]ë
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NOTE 8:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 3nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.
NOTE 9:
The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that [image: image20.wmf]ë
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 the channel bandwidth configured in the lower band.

NOTE 10:
These requirements apply when the lower edge frequency of the 10 MHz, 15 MHz, or 20 MHz uplink channel in Band 71 is located at or below 668 MHz and the downlink channel in Band n25 is located with its upper edge at 1995 MHz.

NOTE 11:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity for all active downlink component carriers is only verified when this is not the case (the requirements specified in clause 7.3.2 apply unless otherwise specified).

NOTE 12:
For these bandwidths, the minimum requirements are restricted to operation when carrier is configured as a downlink carrier part of CA configuration.
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Table 7.3A.4-4: Reference sensitivity exceptions due to harmonic mixing for CA in NR FR1

	NR Band / Channel bandwidth of the affected DL band

	UL band
	DL band
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	25 MHz

(dB)
	40 MHz

(dB)
	50 MHz

(dB)
	60 MHz

(dB)
	80 MHz

(dB)
	90 MHz

(dB)
	100 MHz

(dB)

	n25
	n713,4
	26.5
	23.3
	20.9
	15.3
	
	
	
	
	
	
	

	n41
	n781
	
	8.3
	8.0
	6.9
	
	3.9
	3
	2.3
	1.2
	
	0.4

	n78
	n412
	
	10.4
	10.4
	10.4
	
	7.2
	6.2
	5.5
	4.5
	
	4.5

	NOTE 1:
The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that 
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 the channel bandwidth configured in the lower band.

NOTE 2:
The requirements should be verified for UL NR-ARFCN of the aggressor (high) band (superscript HB) such that 
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NOTE 3:
These requirements apply when there is at least one individual RE within the downlink transmission bandwidth of the victim (lower) band for which the 3rd harmonic is within the uplink transmission bandwidth or the uplink adjacent channel's transmission bandwidth of an aggressor (higher) band.

NOTE 4: The requirements should be verified for UL NR-ARFCN of the aggressor (higher) band (superscript HB) such that 
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7.3A.5
Reference sensitivity exceptions due to intermodulation interference due to 2UL CA

For inter-band carrier aggregation with uplink assigned to two NR bands given in Table 7.3A.5-1 and Table 7.3A.5-2 the reference sensitivity is defined only for the specific uplink and downlink test points specified in Table 7.3A.5-1 and Table 7.3A.5-2. For these test points the reference sensitivity requirement specified in Table 7.3.2-1 and Table 7.3.2-2 are relaxed by the amount of the corresponding parameter MSD given in Table 7.3A.5-1 and Table 7.3A.5-2.

Table 7.3A.5-1: 2DL/2UL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations

	Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n1A-n3A
CA_n1B-n3A
CA_n1A-n3(2A)
	n1
	1950
	5
	25
	2140
	[23]
	FDD
	IMD3

	
	n3
	1760
	5
	25
	1855
	N/A
	TDD
	N/A

	CA_n1A-n8A
	n1
	1965
	5
	25
	2155
	6.0
	FDD
	IMD4

	
	n8
	887.5
	5
	25
	932.5
	N/A
	FDD
	N/A

	CA_n1A-n78A
CA_n1A-n78(2A)

CA_n1A-n78C
	n1
	1950
	5
	25
	2140
	8.0
	FDD
	IMD4

	
	
	
	
	
	
	10.75
	
	

	
	n78
	3710
	10
	50
	3710
	N/A
	TDD
	N/A

	CA_n2A-n48A
	n2
	1852.5
	5
	25
	1932.5
	[12]
	FDD
	IMD4

	
	n48
	3625
	20
	100
	3625
	N/A
	TDD
	N/A

	CA_n2A-n78A

CA_n2A-n78(2A)
	n2
	1855
	5
	25
	1935
	26
	FDD
	IMD24

	
	
	
	
	
	
	28.75
	
	

	CA_n3A-n8A
	n3
	1755
	10
	50
	1850
	N/A
	FDD
	N/A

	
	n8
	900
	5
	25
	945
	8
	FDD
	IMD44

	
	n3
	1747.5
	10
	50
	1842.5
	6.4
	FDD
	IMD5

	
	n8
	897.5
	5
	25
	942.5
	N/A
	FDD
	N/A

	CA_n3A-n38A
	n3
	1713
	5
	25
	1808
	8.2
	FDD
	IMD4

	
	n38
	2617
	5
	25
	2617
	N/A
	TDD
	N/A

	CA_n3A-n41A
	n3
	1740
	5
	25
	1835
	8.2
	FDD
	IMD4

	
	n41
	2657.5
	10
	50
	2657.5
	N/A
	TDD
	N/A

	CA_n3-n77
	n3
	1740
	5
	25
	1835
	26
	FDD
	IMD24

	
	
	
	
	
	
	28.74
	
	

	
	n77
	3575
	10
	50
	3575
	N/A
	TDD
	N/A

	CA_n3-n77
	n3
	1765
	5
	25
	1860
	8.0
	FDD
	IMD44

	
	
	
	
	
	
	10.74
	
	

	
	n77
	3435
	10
	50
	3435
	N/A
	TDD
	N/A

	CA_n3A-n78A
	n3
	1740
	5
	25
	1835
	26
	FDD
	IMD24

	
	
	
	
	
	
	28.75
	
	

	
	n78
	3575
	10
	25
	3575
	N/A
	TDD
	N/A

	CA_n3A-n78A
	n3
	1765
	5
	25
	1860
	8.0
	FDD
	IMD44

	
	
	
	
	
	
	10.75
	
	

	
	n78
	3435
	10
	25
	3435
	N/A
	TDD
	N/A

	CA_n5A-n78A
	n5
	844
	5
	25
	889
	8.3
	FDD
	IMD4

	
	n78
	3421
	10
	50
	3421
	N/A
	TDD
	N/A

	CA_n7A-n66A
	n7
	2535
	10
	50
	2655
	15
	FDD
	IMD4

	
	n66
	1730
	5
	25
	2130
	N/A
	FDD
	N/A

	CA_n8A-n41A
	n8
	882.5
	5
	25
	927.5
	12.1
	FDD
	IMD34

	
	n41
	2685
	10
	50
	2685
	N/A
	TDD
	N/A

	CA_n8A-n78A
	n8
	897.5
	5
	25
	942.5
	8.3
	FDD
	IMD4

	
	n78
	3635
	10
	50
	3635
	N/A
	TDD
	N/A

	CA_n8A-n79A
	n8
	897.5
	5
	25
	942.5
	4.8
	FDD
	IMD5

	
	n79
	4532.5
	40
	216
	4532.5
	N/A
	TDD
	N/A

	CA_n20A-n78A
	n20
	850
	5
	25
	809
	11
	FDD
	IMD4

	
	n78
	3359
	10
	50
	3359
	N/A
	TDD
	N/A

	CA_n25A-n66A

CA_n25A-n66(2A)

CA_n25(2A)-n66A

CA_n25(2A)-n66(2A)
	n66
	1775
	5
	25
	2175
	N/A
	FDD
	N/A

	
	n25
	1855
	5
	25
	1935
	20
	FDD
	IMD3

	
	n66
	1712.5
	5
	25
	2112.5
	23
	FDD
	IMD3

	
	n25
	1912.5
	5
	25
	1992.5
	N/A
	FDD
	N/A

	
	n66
	1750
	5
	25
	2150
	4
	FDD
	IMD5

	
	n25
	1883.3
	5
	25
	1963.3
	N/A
	FDD
	N/A

	CA_n25A-n78A

CA_n25A-n78(2A)

CA_n25(2A)-n78A

CA_n25(2A)-n78(2A)
	n25
	1855
	5
	25
	1935
	26
	FDD
	IMD24

	
	n78
	3790
	10
	50
	3790
	N/A
	TDD
	N/A

	CA_n28A-n50A
	n28
	730
	10
	50
	775
	15.3
	FDD
	IMD2

	
	n50
	1500
	10
	50
	1500
	N/A
	TDD
	N/A

	CA_n28A-n50A
	n28
	740
	10
	50
	785
	6.0
	FDD
	IMD44

	
	n50
	1500
	10
	50
	1500
	N/A
	TDD
	N/A

	CA_n28A-n77A, CA_n28A-n78A 

CA_n28A-n78(2A)
	n28
	705.5
	5
	25
	760.5
	5.5
	FDD
	IMD5

	
	n77/n78
	3582.5
	10
	50
	3582.5
	N/A
	TDD
	N/A

	CA_n48A-n66A
	n48
	3660
	5
	25
	3660
	N/A
	TDD
	N/A

	
	n66
	1730
	5
	25
	2130
	5.0
	FDD
	IMD5

	CA_n66A-n71A
	n66
	1750
	5
	25
	2150
	5
	FDD
	IMD4

	
	n71
	675
	5
	25
	629
	N/A
	FDD
	N/A

	CA_n66A-n78A CA_n66A-n78(2A)

CA_n66(2A)-n78A

CA_n66(2A)-n78(2A)
	n66
	1730
	5
	25
	2130
	5.0
	FDD
	IMD5

	
	n78
	3660
	10
	50
	3660
	N/A
	TDD
	N/A

	CA_n70A-n71A
	n70
	1697.5
	5
	25
	1997.5
	5
	FDD
	IMD4

	
	n71
	695.5
	5
	25
	649.5
	N/A
	FDD
	N/A

	NOTE 1:
Both of the transmitters shall be set min(+20 dBm, PCMAX_L,f,c) as defined in clause 6.2A.4

NOTE 2:
RBSTART = 0, 15 kHz SCS is assumed.
NOTE 3:
No requirements apply when there is at least one individual RE within the intermodulation generated by the dual uplink is within the downlink transmission bandwidth of the FDD band. The reference sensitivity should only be verified when this is not the case (the requirements specified in clause 7.3 apply).

NOTE 4:
This band is subject to IMD5 also which MSD is not specified.
NOTE 5:
Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.


Table 7.3A.5-2: 3DL/2UL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations

	 Band / Channel bandwidth / NRB / Duplex mode
	Source of IMD

	NR CA
Configuration
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	

	CA_n1A-n3A-n41A
	n1
	1977.5
	5
	25
	2167.5
	N/A
	FDD
	N/A

	
	n3
	1712.5
	5
	25
	1807.5
	N/A
	FDD
	N/A

	
	n41
	2507.5
	10
	25
	2507.5
	5.0
	TDD
	IMD5

	CA_n1A-n7A-n28A
	n1
	1935
	5
	25
	2125
	N/A
	FDD
	N/A

	
	n7
	2533
	10
	50
	2653
	30.0
	FDD
	IMD2

	
	n28
	718
	5
	25
	773
	N/A
	FDD
	N/A

	
	n1
	1935
	5
	25
	2125
	N/A
	FDD
	N/A

	
	n7
	2510
	10
	50
	2630
	N/A
	FDD
	N/A

	
	n28
	730
	10
	50
	785
	4.5
	FDD
	IMD5

	CA_n1A-n7A-n78A
	n1
	1977.5
	5
	25
	2167.5
	N/A
	FDD
	N/A

	
	n7
	2507.5
	5
	25
	2627.5
	9.1
	FDD
	IMD4

	
	n78
	3305
	10
	50
	3305
	N/A
	TDD
	N/A

	
	n1
	1950
	5
	25
	2140
	8.7
	FDD
	IMD4

	
	n7
	2510
	10
	50
	2630
	N/A
	FDD
	N/A

	
	n78
	3580
	10
	50
	3580
	N/A
	TDD
	N/A

	
	n1
	1970
	5
	25
	2160
	N/A
	FDD
	N/A

	
	n7
	2520
	5
	25
	2640
	N/A
	FDD
	N/A

	
	n78
	3390
	10
	50
	3390
	10.1
	TDD
	IMD4

	CA_n3A-n8A-n78A
	n3
	1730
	5
	25
	1825
	N/A
	FDD
	N/A

	
	n8
	910
	5
	25
	955
	N/A
	FDD
	N/A

	
	n78
	3550
	10
	50
	3550
	16.1
	TDD
	IMD3

	CA_n3A-n8A-n78A
	n3
	1730
	5
	25
	1825
	N/A
	FDD
	N/A

	
	n8
	910
	5
	25
	955
	N/A
	FDD
	N/A

	
	n78
	3370
	10
	50
	3370
	4.5
	TDD
	IMD5

	CA_n3A-n8A-n78A
	n3
	1725
	5
	25
	1820
	15.7
	FDD
	IMD3

	
	n8
	910
	5
	25
	955
	N/A
	FDD
	N/A

	
	n78
	3640
	10
	50
	3640
	N/A
	TDD
	N/A

	CA_n3A-n28A-n77A
	n28
	735
	5
	25
	790
	N/A
	FDD
	N/A

	
	n77
	3320
	10
	50
	3320
	N/A
	TDD
	N/A

	
	n3
	1755
	5
	25
	1850
	17.0
	FDD
	IMD3

	CA_n3-40A-n41A
	n3
	1747.5
	5
	25
	1842.5
	1.0
	FDD
	IMD5

	
	n40
	2347.5
	5
	25
	2347.5
	N/A
	TDD
	N/A

	
	n41
	2600
	10
	50
	2600
	N/A
	TDD
	N/A

	CA_n40A-n41A-n79A
	n40
	2340
	5
	25
	2340
	N/A
	TDD
	N/A

	
	n41
	2600
	10
	50
	2600
	N/A
	TDD
	N/A

	
	n79
	4940
	40
	216
	4940
	30.5
	TDD
	IMD2


7.3A.6
Reference sensitivity exceptions due to cross band isolation for CA

For unsynchronized operation, Rx de-sensing in one band will be caused by another band due to lack of isolation in the band filters. Reference sensitivity exceptions for cross band are specified in Table 7.3A.6-1 with uplink configuration specified in Table 7.3A.6-2.
Table 7.3A.6-1: MSD for the CA configuration for asynchronous operation and cross band isolation for CA

	NR Band / Channel bandwidth of the affected DL band

	NR CA Configuration
	UL band
	DL band
	5
MHz (dB)
	10
MHz (dB)
	15
MHz (dB)
	20
MHz (dB)
	25
MHz (dB)
	30 MHz (dB)
	40 MHz (dB)
	50 MHz (dB)
	60 MHz (dB)
	80 MHz (dB)
	90 MHz (dB)
	100 MHz (dB)

	CA_n1A-n3A
CA_n1B-n3A
CA_n1A-n3(2A)
	n1
	n3
	3
	2.2
	1.9
	1.7
	1.6
	1.5
	
	
	
	
	
	

	CA_n1A-n41A
	n41
	n1
	9.1
	9.1
	9.1
	9.1
	
	
	
	
	
	
	
	

	CA_n1A-n41A
	n1
	n41
	
	6.1
	6.1
	6.1
	
	
	6.1
	6.1
	6.1
	6.1
	6.1
	6.1

	CA_n3A-n41A
	n41
	n3
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6
	
	
	
	
	
	

	CA_n25A-n41A
	n41
	n25
	0.6
	0.6
	0.6
	0.6
	
	
	
	
	
	
	
	

	CA_n41A-n66A

CA_n41(2A)-n66A

CA_n41C-n66A
	n411
	n66
	3.5
	3.5
	3.5
	3.5
	
	
	3.5
	
	
	
	
	

	CA_n41A-n78A
	n78
	n411
	
	4.5
	4.5
	4.5
	
	
	4.5
	4.5
	
	
	
	

	CA_n7A-n78A

CA_n7A-n78(2A)
	n78
	n71
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	4.5
	
	
	
	

	NOTE 1:
Applicable only when harmonic mixing MSD for this combination is not applied.

NOTE 2:
Void


3.1.2 Observations
Requirements CA refsens (7.3A.4):

· Like LTE, requirements are band dependent

· Unlike LTE, requirements are independent from BW class (good since the requirement tables will be much shorter and TP analysis will be simpler)
· Unlike LTE, requirements specify only the aggressor and victim band and not all higher order configurations that contains this combo (good since the requirement tables will be much shorter and TP analysis will be simpler). 
Requirements CA refsens (7.3A.5, 7.3A.6):

The way these requirements are defined is slightly different in that the exact CA configuration (BW combination) is defined. It is however observed that all BW combinations for a certain band pair is having the same requirements, and it is possible to identify the agressor and victim bands. Meaning it is still possible to treat these requirements in a similar way to 7.3A.4 requirements. Since there is no guarantee that RAN4 will keep this property in the future it is proposed to send an LS to RAN4 requesting them to remove the BW class from the requirements.
Max number of CC to expect in Rel16:

Intra-band contiguous (per band): 
4DL/2UL

Intra-band non-contiguous (per band): 
2DL/1UL

Inter-band: 


5DL/1UL, 3DL/2UL
3.1.3 Test cases in 38.521-1
3.1.3.1 Proposals
1) For refsens we need to find a better way than LTE to specify which fallbacks can be skipped. Right now in LTE, fallbacks are skipped unless there is a documented exception in 36.521-2. This means that the fallback is skipped even if no technical analysis has been made, leading to insufficient testing of demanding CA configurations. We need to reverse this to say that fallback can only be skipped if there has been a technical analysis performed in 38.905. 

2) The RAN4 decision to only specify the affected (aggressor and victim) bands for an exception enables a different approach than in LTE that in most cases makes fallback analysis redundant. This is not entirely true for requirements under clause 7.3A.5 and 7.3A.6 of TS38.101-1 but it is assumed that the same approach can be used also in those cases as it greatly simplifies test cases.
3) Test cases can be split into default and additional test cases where default test cases only test where there is no exception (single carrier requirements apply), and additional only test the exceptions in 38.101-1 7.3A
4) default test cases need to be defined from 2 up to 5 CCs. Since they cover no exception, no fallback analysis is required and the applicability rule should say that only highest CC number is required (similar to other Rx tests). 
5) additional test cases only need to be defined for 2CC (and for intermodulation also 3CC) since this is sufficient for testing the exception. Adding more CCs is not considered to affect the test result and does not add any value. 
6) additional test cases only need to consider pure interband configurations since requirements are the same for intraband contiguous or non-contiguos, and the essential aspect to test is the interference between bands. 

7) To ensure that the approach to only test exceptions with only aggressor and victim carriers configured will not be broken in future, send LS to RAN4 informing them that this is a key aspect used in test structure of RAN5 and that this property of the requirements need to be kept. And to request RAN4 to define also intermodulation and cross band isolation requirements in the same way.
8) It is important for sufficient test coverage to ensure that all band combinations with the highest number of CCs supported in the UE can always be tested. 
9) The highest supported CC number may be with a band including an exception that can be avoided by setting a different test frequency (e.g. harmonic interference). In such cases, there is a need to include test points in the default test case so that this CA configuration can be tested without an exception (see example 1 below). 
10) The highest supported CC number may be with a band including an exception that cannot be avoided by setting a different test frequency (e.g. cross band isolation). In this case the test requirements of the default test that are normally general for any CA config need to include this specific exception requirement. In addition, one fallback configuration needs to be tested to ensure test coverage of the single carrier requirement for the victom band that applies in this case. In order to simplify test applicability this fallback configuration will be specified inside the higher order test case (see example 2 below). 
11) The highest supported CC number may be with a band including a limitation that is not present in the lower order fallback (e.g. UL is not possible in one of the bands). In this case, one fallback configuration needs to be tested to ensure test coverage of the single carrier requirement with UL active in the band. In order to simplify test applicability this fallback configuration will be specified inside the higher order test case. 

12) To ensure that it has been checked that the CA configuration has been fully analysed with regard to test configuration and fallback testing, the CA configuration need to be listed in TR38.905 (alternatively in the WP). 
3.1.3.2 Examples

Example 1 (highest CC number has an exception that can be avoided):

· UE supports CA_XA-YA-ZA-RA (4DL CA)

· CA_X-Y has an exception if testing Low+Low freq

· CA_X-Y has no exception if testing Mid+Mid freq

· Other bands pairs have no exception

Applicable Test cases for the example:

7.3A.1 2CC non-exception/“default”

Skip test (no fallback analysis required)

7.3A.2 3CC non-exception/“default”

Skip test (no fallback analysis required)

7.3A.3 4CC non-exception/“default”

Test CA_XA-YA-ZA-RA in Mid+Mid freq in bands X and Y respectively avoiding the exception
7.3A.1_1 2CC exception/“additional”

Test CA_X-Y in Low+Low freq
Example 2 (highest CC number has an exception that cannot be avoided):
· UE supports CA_XA-YA-ZA-RA (4DL CA)

· CA_X-Y has an exception always (e.g. cross band isolation) with band Y being the victim
· Other bands pairs have no exception

Applicable Test cases for the example:

7.3A.1 2CC non-exception/“default”

Skip test (no fallback analysis required)

7.3A.2 3CC non-exception/“default”

Skip test (no fallback analysis required)

7.3A.3 4CC non-exception/“default”

Test CA_XA-YA-ZA-RA and add exception in test requirements
Add test points for 3CC fallback avoiding the exception CA_YA-ZA-RA
7.3A.1_1 2CC exception/“additional”

Test CA_X-Y 
3.1.3.3 Changes to test case structure

	Clause number
	Current
	New

	7.3A.1
	Title: 

Reference sensitivity level for CA (2DL CA)

Test purpose:

To verify the ability of UE that support CA to receive data with a given average throughput for a specified reference measurement channel, under conditions of low signal level, ideal propagation and no added noise.
A UE unable to meet the throughput requirement under these conditions will decrease the effective coverage area.
	Title:

<-
Test purpose:

To verify the ability of UE that support CA to receive data with a given average throughput for a specified reference measurement channel, under conditions of low signal level when no CA exceptions are allowed and single carrier requirements apply, ideal propagation and no added noise.


	7.3A.2
	Reference sensitivity level for CA (3DL CA)
	Title:

<-
Test purpose:

Same as 7.3A.1

	7.3A.3
	Reference sensitivity level for CA (4DL CA)
	Title:

<-
Test purpose:

Same as 7.3A.1

	7.3A.4
	Reference sensitivity level for CA (5DL CA)
	Title:

<-
Test purpose:

Same as 7.3A.1

	7.3A.1_1
	-
	Title:

Reference sensitivity level for CA exceptions (2DL CA)

Test purpose:

To verify the ability of UE that support CA to receive data with a given average throughput for a specified reference measurement channel, under conditions of low signal level when CA exceptions are allowed, ideal propagation and no added noise.


	7.3A.1_2
	-
	Title:

Reference sensitivity exceptions level for CA (3DL CA)
Test purpose:

Same as 7.3A.1_1


3.1.4 TP analysis in 38.905
3.1.4.1 Proposals
Split the TP analysis into 3 parts:

1) Selection of default test points for bands not affected by exception

a. In LTE, different settings were used for intra-band and inter-band. Since it is beneficial to select settings per band combo regardless of BW class per band, instead keep a common setting for all types of CA
b. Test frequency: Low/Mid/High (Mid can be skipped for narrow bands)
c. Bandwidth: Highest NRBagg

d. Avoid defining special test freq and BW based on deployment since this making fallback analysis more complex. If a certain band is owned by a single operator, special setting is allowed if it is speficied in TR38.905 which operator this is. In such a case this setting will be used as default in all other higher order CA configs involving this band.

Proposal: Add a table inside TR38.905 with default frequency, BW per band to be used when there is no RAN4 defined exception. All possible BW classes in the band need to be covered. 
2) Selection of test points per exception case (for a band pair)

a. Test frequency to test exception
b. Test frequency for non-exception. 
c. UL config

d. Resulting refsens requirement per test point

Proposal: to add a table inside TR38.905. One new table per exception type. The table only covers the aggressor and victim bands, not all the higher order configs that uses these bands. All allowed BW classes in affected bands need to be included since this affects test frequency.
3) Final analysis for a band combo 
a. Note: This is per band combo and not per CA config which greatly reduces the number of cases

b. Add a checklist to fill in per band combo: 

i. UL support in all bands?
ii. If a band in the combo is affected by exception, is it possible to find a test point that avoids the exception?

c. Since the exact test frequency definition is not decided here, there is no need of a complicated spreadsheet. Can be done in table form inside TR 38.905

d. Final assessment if fallbacks can be skipped or not

Proposal: Final TP analysis per band combo (for all possible band combos without considering BW class) to be documented in table inside TR38.905 (alternatively in the workplan). Only covering some high-level statements about fallback analysis, referring back to other sections of the TR for exact calculated settings.

3.1.4.2 Example TP analysis for refsens (CA_n3-n8-n78)

Requirements:

n3-n78:            UL harmonics exception with n78 as victim
n8:                     No exception

From 38.101-1 V16.1.0:

Table 7.3A.4-1: Reference sensitivity exceptions due to UL harmonic for NR CA FR1

	MSD due to harmonic exception for the DL band

	UL band
	DL band
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB
	dB

	n1
	n771,2
	
	23.9
	22.1
	20.9
	
	
	17.9
	16.8
	16.0
	14.8
	14.3
	13.8

	
	n773
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n2
	n481, 2
	27.1
	23.9
	22.1
	20.9
	
	
	17.9
	16.912
	16.112
	14.812
	14.312
	13.812

	
	n483
	1.9
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n3
	n771,2
	
	23.9 
	22.1 
	20.9 
	
	
	17.9
	16.9
	16.1
	14.8
	14.3
	13.8

	
	n773
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	
	n781,2
	
	23.9 
	22.1 
	20.9 
	
	
	17.9
	16.9
	16.1
	14.8
	14.3
	13.8

	
	n783
	
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n5
	n784,5
	
	10.5
	8.9
	7.8
	
	
	5.4
	
	
	
	
	

	n8
	n311
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A
	
	
	
	
	
	

	
	n418,9
	
	13.0
	11.3
	10.1
	
	
	7.0
	6.1
	5.5
	4.3
	3.9
	3.5

	
	n784,5
	
	10.8
	9.1
	8.0
	
	
	5.1
	4.2
	3.5
	2.3
	2.1
	1.4

	
	n796,7
	
	
	
	
	
	
	[6.8]
	6.2
	[5.6]
	4.9
	
	4.4

	n28
	n18,9
	10.2
	7.6
	6.2
	5.3
	
	
	
	
	
	
	
	

	
	n501,2
	
	19.8
	18.0
	16.8
	
	
	13.8
	12.8
	12.0
	10.8
	
	

	
	n751,2
	28.1
	25.3
	24.0
	22.8
	
	
	
	
	
	
	
	

	
	n776,7
	
	10.4
	8.9
	7.8
	
	
	4.7
	3.7
	3
	1.7
	1.2
	0.7

	
	n786,7
	
	[10.4]
	[8.9]
	[7.8]
	
	
	[4.7]
	[3.7]
	[3]
	[1.7]
	[1.2]
	[0.7]

	n66
	n481, 2
	27.1
	23.9
	22.1
	20.9
	
	
	17.9
	16.912
	16.112
	14.812
	14.312
	13.812

	
	n483
	1.9
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	

	n71
	n2510
	10
	7.5
	6
	5.1
	
	
	
	
	
	
	
	

	
	n414,5
	
	10.8
	9.1
	8.0
	
	
	5.1
	4.2
	3.5
	2.3
	2.1
	1.4

	
	n708,9
	9.9
	7.1
	6.7
	4.9
	4.1
	
	
	
	
	
	
	

	NOTE 1:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range ∆FHD above and below the edge of this downlink transmission bandwidth. The value ∆FHD depends on the band combination: ∆FHD = 10 MHz for CA_n1-n77, CA_n3-n77, CA_n3-n78, CA_n2-n48, CA_n48-n66.
NOTE 2:
The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that 
[image: image36.wmf]ë

û

1

.

0

2

.

0

/

HB

DL

LB

UL

f

f

=

in MHz and 
[image: image37.wmf]__

/2/2

LBLBLBLBLB

ULlowChannelULULhighChannel

FBWfFBW

+££-

 with[image: image38.wmf]HB

DL

f

 carrier frequency in the victim (higher) band in MHz and [image: image39.wmf]LB

Channel

BW

 the channel bandwidth configured in the lower band.

NOTE 3:
The requirements are only applicable to channel bandwidths no larger than 20 MHz and with a carrier frequency at 
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are the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.

NOTE 4:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.
NOTE 5:
The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: image45.wmf]/0.40.1
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NOTE 6:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 5th transmitter harmonic is within the downlink transmission bandwidth of a high band.

NOTE 7:
The requirements should be verified for UL NR‑ARFCN of a low band (superscript LB) such that [image: image49.wmf]ë
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NOTE 8:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 3nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.
NOTE 9:
The requirements should be verified for UL NR-ARFCN of the aggressor (lower) band (superscript LB) such that [image: image53.wmf]ë
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NOTE 10:
These requirements apply when the lower edge frequency of the 10 MHz, 15 MHz, or 20 MHz uplink channel in Band 71 is located at or below 668 MHz and the downlink channel in Band n25 is located with its upper edge at 1995 MHz.

NOTE 11:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity for all active downlink component carriers is only verified when this is not the case (the requirements specified in clause 7.3.2 apply unless otherwise specified).

NOTE 12:
For these bandwidths, the minimum requirements are restricted to operation when carrier is configured as a downlink carrier part of CA configuration.


Test parameters definition in TR38.905:

Table 1: Default test points


	Band
	Freq
	CBW
	Comment

	n3A
	L, M, H
	H
	 

	n8A
	L, H
	H
	Narrow band

	n78A-E
	L, M, H
	H
	 

	Note: Used in test cases 7.3A.1 to 7.3A.4, unless the configuration contains any band pairs from Table 2.


Table 2: UL harmonics test points


	Band pair
	Freq
	CBW
	Comment

	n3A/n78A-E
	M/H
	H/H
	non-exception. To be used in test cases 7.3A.1  to 7.3A.4

	n3A/n78A
	M/3495
	H/H
	exception Note 2

	n3A/n78A
	M/3465
	20/20
	exception Note 3

	Note: Used in test case 7.3A.1_1 unless otherwise stated


Table 3: Checklist

	Band combo
	Refsens exception, victim band
	Other limitation (Note)
	Test coverage in 38-521-1

	n3-n8
	-
	-
	Yes

	n3-n78
	N78
	-
	Yes

	n8-n78
	-
	-
	Yes

	n3-n8-n78
	N78
	-
	Yes

	Note: Possible limitations are: 1) Not supporting UL in one band, 2) Limited frequency range compared to single carrier case


Final test points

7.3A.2 3CC non-exception/“default”

N3: Mid freq, Highest BW

N8: Low+High Freq, Highest BW

N78: High freq, Highest BW (to avoid the exception)
Number of test points: 2 (test frequencies) * 3 (PCC in band 3, 8, 78)

7.3A.1_1 2CC exception/“additional”

TP1: N3 Mid/20 MHz, N78 3495MHz

TP2: N3 Mid/20MHz, N78 3465MHz/20MHz

3.2 Other Rx tests
3.2.1 Observations
Requirements other Rx tests:

· Like LTE requirements are band independent

· Like LTE, Some BW classes have different requirements meaning we can’t skip some fallbacks. 

· A new aspect compared to LTE is the fallback groups, where only fallbacks within the fallback group is mandatory for the UE. Meaning if we test a fallback group 2 config, only lower order group 2 configs can be considered redundant. If UE support also fallback group 1 configs (which are optional) these need also to be tested. However, in current 38.101-1 Rx requirements for fallback group 2 are missing and may not be specified in Rel16 time frame. 

3.2.2 Proposals
1) Reuse same mechanism as in 36.521-2 but simplify it slightly. In LTE we have a table that defines exactly which config is a fallback (Table 4.1-2). We can skip this and let the TE decide which configs are fallbacks (should be obvious) 
2) In LTE there was a problem that it is not ensured that these other Rx tests are tested with test points that avoids a large exception. Due to the separation of default/additional refsens test cases above, this problem is now completely solved by referring back to test points from “default” refsens
One issue with all the tests is that it is not ensured that the higher order test case is available/validated. Of course, only if the highest order test case is run, the lower order fallback can be skipped. This issue is not addressed for LTE and is FFS 

4 Analysis of NR FR2 SA CA Rx test cases
FFS

5 Analysis of NR EN-DC CA Rx test cases
FFS
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