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1.	Introduction
Test cases with multiple-CCs are about to be added to the test specification TS 38.521-3. In this paper, test methodology and structure of EN-DC test cases are discussed and proposed considering the scalability for the any type of EN-DC band combinations with mixed Intra-band/Inter-band types and exceptional/non-exception requirements. This topic is once mentioned in [1], but was postponed to wait for the anchor agnostic approach applicability for EN-DC from RAN4. Now the LTE Anchor Agnostic approach is formally incorporated, we revisit this topic.
2.	Discussion
2.1.	Applying anchor agnostic approach for multi-CC cases
The main difference from the SA CA test cases is that EN-DC test cases are based on anchor agnostic approach which is summarized in [2]. Though the first discussion was introduced for the simple 1LTE + 1NR cases, we can straightforwardly extend it to the cases with multiple-CCs.
Following tables summarizes the test coverage rule for EN-DC sited from [2].
Table 1: EN-DC Test Coverage/Procedure applicable to TS38.101-3
	UE capability
	NR exception reqs in 38.101-3
	NR non-exception reqs in 38.101-1/-2
	LTE exception reqs in 38.101-3
	LTE non-exception reqs in 36.101

	NSA only
	Tested
	Tested
(LTE agnostic)1
	Tested
	Tested
(SA LTE per TS 36.521-1)

	NSA+SA
	Tested
	Tested
(SA NR per 38.101-1/-2)
	Tested
	Tested
(SA LTE per TS 36.521-1)

	Note 1: Pick LTE test configuration that does not interfere with NR operation as per 36.101 Section 6.1 and 7.1. No LTE test point analysis is required.


Above table is very generic and can be applied for the case of CCs > 2 as is. But, when we implement this principle in the test spec, we need to clarify several things. 
For NR non-exceptional requirements, LTE agnostic approach can be applied as well. As the LTE should be selected so as not to interfere with NR carriers, then just having 1 E-UTRA Cell is enough(or should be 1 cell) for multi-LTE CCs case.
Observation 1 : NR non-exception reqs are tested with LTE agnostic approach, with only 1 LTE PCC configured using the LTE configuration in section 4.6 of 38.521-3 is enough.
For LTE non-exceptional requirements, nothing is different from 1LTE+1NR case and are tested in 36.521-1. 
Observation 2 : LTE non-exception reqs are tested in LTE 36.521-1.s 
For NR exceptional requirements, they will be explicitly tested in 38.521-3. The main points are whether such exceptional requirements should be tested with LTE CCs which does not relating to the NR exceptional requirement. As already discussed in [1], from the perspective of avoiding the increased test system complexity (due to the increasing number of Rx antenna ports(4Rx, 8Rx…) and CCs ) the testing with the minimum number of LTE CCs which is relating to NR exceptional requirements is desired. Also, LTE agnostic approach itself can mean that CCs which does not interfere with other cells are not required to be configured for testing the requirement imposed to “other cells”.  Then this approach is more natural to be applied considering the existence of LTE agnostic approach.
Proposal 1 :  NR exception reqs are tested by configuring min. number of LTE CCs concerning that requirements.
Same can be said for the LTE exceptional requirements. 
Proposal 2 : LTE exception reqs are tested by configuring min. number of NR CCs concerning that requirements.
With above observations and proposals, we can think about the following very generic example.

Example 1 : DC_1A-41C-42C_n77A with UL configuration DC_1A-n77A,  5 LTE CC + 1 NR CC
Following 3 exceptions are defined in 38.101-3.
Exception 1) MSD due to UL harmonic(Table 7.3B.2.3.1-1)
	UL band
	DL band
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	25 MHz
(dB)
	30 MHz (dB)
	40 MHz
(dBm)
	50 MHz
(dBm)
	60 MHz
(dBm)
	80 MHz
(dBm)
	90 MHz
(dBm)
	100 MHz
(dBm)

	1, 3
	n771,2
	27.1
	23.9
	22.1
	20.9
	
	
	17.9
	
	
	
	
	

	
	n773
	1.9
	1.1
	0.8
	0.3
	
	
	
	
	
	
	
	



Exception 2) Reference sensitivity exceptions due to cross band isolation(Table 7.3B.2.3.4-1)
	UL band
	DL band
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	25 MHz
(dBm)
	40 MHz
(dBm)
	50 MHz
(dBm)
	60 MHz
(dBm)
	80 MHz
(dBm)
	90 MHz
(dBm)
	100 MHz
(dBm)

	n77
	411
	-93.5
	-90.5
	-88.7
	-87.5
	
	
	
	
	
	
	



Exception 3) Reference sensitivity exceptions for PCell due to dual uplink operation(Table 7.3B.2.3.5.1-1)
	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC
Configuration
	EUTRA or NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	IMD order

	DC_1A_n77A
	1
	1950
	5
	25
	2140
	29.8

	FDD
	IMD23

	
	
	
	
	
	
	32.54
	
	

	
	n77
	4090
	10
	25
	4090
	N/A
	TDD
	N/A


Taking above exceptions into account, the test coverage fullfils if the tests in Table 1 is conducted.
Table 1 Test coverage for DC_1A-41C-42C_n77A
	#
	Subset of DC/CA band combination
	Test Spec/Core Spec
	Verified requirement

	1
	DC_1A-41A-n77A
	38.521-3/ 38.101-3
	Exceptional requirements i), ii)  and iii)  
[bookmark: _GoBack](Could be separated into several test points by e.g. different frequencies to cover the scenarios MSD apply)

	2
	CA_1A-41C-42C
	36.521-1/38.101-1
	Non-Exceptional requirements  among LTE CCs

	
	For NSA + SA UE
	
	

	3
	n77A
	38.521-1/38.101-1
	Non-exceptional requirements among FR1 NR CCs

	
	For NSA only UE
	
	

	4
	DC_*A_n77A
“*” is chosen so that they does not interfere with n77A
	38.521-3/38.101-1
	Non-exceptional requirements among FR1 NR CCs



Example 1 : DC_XA-YA-ZA-WA_nSA-nTA-nVA (4DL/2UL LTE, 2 DL/1 UL NR FR1, 1 DL/UL NR FR2)
X : LTE PCC(DL&UL)
Y : LTE SCC1(DL&UL)
Z : LTE SCC2(DL)
W : LTE SCC3(DL)
nS : FR1 NR PCC(DL&UL)
nT : FR1 NR SCC(DL)
nV : FR2 NR PCC(DL&UL)
Assume following exceptional requirements are defined:
i) MSD due to dual uplink operation: UL in X and nS causes the MSD for band Z 
ii) MSD due to UL harmonics interference: UL in Y causes MSD for band nV
In this case, performance of DC_XA-YA-ZA-WA_nSA-nTA-nVA is guaranteed by testing:
Table 1 Example of test ceverages
	#
	Subset of DC/CA band combination
	Test environment
	Test Spec/Core Spec
	Verified requirement

	1
	DC_XA-ZA-nSA
	Conducted
	38.521-3/ 38.101-3
	Exceptional requirements : MSD i)

	2
	DC_XA-YA-nSA-nVA
	OTA
	38.521-3/ 38.101-3
	Exceptional requirements : MSD ii)
(Only the FR2 NR CC nV will be measured)

	3
	CA_XA-YA-ZA-WA
	Conducted
	36.521-1/38.101-1
	Non-exceptional requirements among LTE CCs

	
	For NSA + SA UE
	
	
	

	4
	CA_nSA-nTA
	Conducted
	38.521-1/38.101-1
	Non-exceptional requirements among FR1 NR CCs

	5
	CA_nVA
	OTA
	38.521-2/38.101-2
	Non-exceptional requirements among FR2 NR CCs

	
	For NSA only UE
	
	
	

	6
	DC_*A_nSA-nTA
“*” is chosen so that they does not interfere with nTA and nSA
	Conducted
	38.521-3/38.101-1
	Non-exceptional requirements among FR1 NR CCs

	7
	DC_*A_nVA
“*” is chosen so that it does not interfere with nVA
	OTA
	38.521-3/38.101-2
	Non-exceptional requirements among FR2 NR CCs



2.2.	Test case structure
In the latest WP, the test cases are re-defined for each number of CCs. If Proposal 1 and Proposal 2 are to be agreed, then there are two options how to consider the multiple-CC test case definition. 
Option B1 : Test cases are defined with the number of CCs in the DC band combination
Option B2 : Test cases are defined with the configured number of CCs in the DC configuration
Taking the example in above, the test cases are defined for DC_1A-41C-42C-n77AXA-YA-ZA-WA_nSA-nTA-nVA, i.e. test cases with 67CC with Option B1, while with Option B2, no tests defined for DC_1A-41C-42C-n77AXA-YA-ZA-WA_nSA-nTA-nVA, but only the test cases with the tested subsets combinations: DC_XA1A-41ZA-n77SA(#1 in Table 2) and DC_*XA--YA-nSA-n77VA(#2 4 in Table 1)  are defined in 3CC test cases and 4 2 CC test cases respectively.
In case of Option B2, description about which test cases needs to be tested should be put somewhere in the test spec so that readers can recognize the required test to be executed.
From the perspective simplicity of certification, it would be tester friendly if the single test case per EN-DC band combination is defined. 
Proposal 3 : Test cases are defined with the number of CCs in the DC band combination (Option B1) 
If Proposal 3 can be endorsable, then the test configuration table for each EN-DC band combination needs to clarify followings for each test point.
1. Which CCs among all the CCs in the EN-DC band combination should be configured and which are not.
2. Whether the anchor agnostic approach apply
3. Configurations for the configured CCs
4. Requirements for the “tested” CCs
Concrete test configuration table format can be considered at later stage.

3.	Conclusion
RAN5 is asked to endorse following proposals.
Observation 1 : NR non-exception reqs are tested with LTE agnostic approach, with only 1 LTE PCC configured using the LTE configuration in section 4.6 of 38.521-3 is enough.
Observation 2 : LTE non-exception reqs are tested in LTE 36.521-1.s 
Proposal 1 :  NR exception reqs are tested by configuring min. number of LTE CCs concerning that requirements.
Proposal 2 : LTE exception reqs are tested by configuring min. number of NR CCs concerning that requirements.
Proposal 3 : Test cases are defined with the number of CCs in the DC band combination (Option B1) 
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