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1.
Introduction
In the latest TS 38.101-3, a lot of EN-DC band combinations including the multiple LTE CCs and FR1/2 NR CCs have being defineds. Following is the example of EN-DC with six bands defined in TS 38.101-3 v15.2.0.
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Table 5.5B.5.5-1: Inter-band EN-DC configurations (six bands)

EN-DC
configuration

Uplink EN-DC
configuration
(NOTE 1)

E-UTRA configuration

NR configuration

DC_1A-3A-5A-7A_n78A-n257A

DC_1A_n78A
DC_1A_n257A,
DC_3A_n78A
DC_3A_n257A,
DC_5A_n78A
DC_5A _n257A,
DC_7A_n78A
DC_7A n257A,

CA_1A-3A-5A-TA

CA_n78A-n257A

NOTE 1: Uplink CA configurations are the configurations supported by the present release of specifications.





If we test these EN-DC band combinations by configuring all of the CCs simultaneously, we face the test system complexity issue. In general we need separated SS for LTE and NR, multiple SS would be required for each LTE and NR cells, that can result in the increased test system (HW) complexity. Considering the situation that 6 and more CCs are to be introduced [1][2], and also the increased number of UE Rx Ports such as 8Rx is to be introduced[3], it is easily expected that the test system complexity will be increased dramatically within short term. 
Observation 1 : The test system complexity is expected to be increased dramatically for EN-DC with multiple CCs for LTE and NR due to the increased number of CCs(6 and more) and increased number of Rx ports(e.g. 8Rx)
Hence, it is worth to consider the EN-DC test approach to avoid such explosion of complexity so that cost-effective conformance test can be realized even with the more complicated conditions(6CC  and more, 8Rx port etc…) which are expected  to be introduced near future.
Observation 2 : It is worth to consider the test approach for EN-DC that can relax the test system complexity so that the conformance test can be carried out cost-effectively  even after the more complicated conditions (6CC and more, 8Rx port etc…) are introduced in near future.
2.
Discussion

The test approach for the EN-DC configuration is already discussed in [4]. The discussion in [4] mainly targets the EN-DC of 1 LTE band and 1 FR2 band. We extend that discussion to FR1 EN-DC and F1 and FR2 EN-DC with multiple CCs in LTE, FR1 NR and FR2 NR respectively.
The basic ideas described in [4], which we read, are as follows:
(1)  For EN-DC interworking test in 38.521-3, only the sensitivity degradations (exceptions) are tested.

(2) For the NR CCs with no sensitivity degradation :

· For UEs supporting both NSA and SA mode, test results are leveraged from SA
· For UE which only supports the NSA, the test results are leveraged from the test with the same NR band but with different LTE band.
Proposed test method for EN-DC REFSENS
Our proposal is to extend those ideas to whole frequency and RAT(LTE/NR) as follows:
Proposal 1: For EN-DC REFSENS test, test the sensitivity degradation (so called sensitivity exceptions or  MSD) in 38.521-3 regardless of LTE, FR1 and FR2. 
Proposal 1a : Upon the test of MSD in conducted test environment(i.e. testing of MSD in LTE/FR1 CCs), only the minimum numbers of LTE CCs required for test sensitivity exceptions are configured. Possibility to decrease the NR CCs is FFS. 
Proposal 1b : Upon the test of MSD in OTA test(i.e. testing of MSD due to harmonic of LTE/FR1 CCs to FR2 refsens), only the minimum numbers of LTE/FR1 NR/FR2 NR CCs required to test MSD are configured. 
Proposal 2 : For EN-DC REFSENS test, the reference sensitivity without MSD can be verified by levering the test result from SA test result for NR CCs or from LTE test result in 36.521-1 for LTE CCs. The same approach as proposed in [4] applies for NR CCs for UEs only support NSA mode.
Proposal 1 can be the solution to decrease the test system complexity dramatically as the number of CCs configured simultaneously is minimized. Below we show the example for the generic cases with EN-DC with FR1 and FR2.
Example : 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 MSDs 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, to verify the performance of DC_XA-YA-ZA-WA_nSA-nTA-nVA, PASS of the following DC/CA combinations are required.
Table 1 Required test to verify DC_XA-YA-ZA-WA_nSA-nTA-nVA
	#
	DC/CA band combination
	Test environment
	Spec
	Note

	1
	DC_XA-ZA-nSA-nTA
	Conducted
	38.521-3
	MSD i) verified

	2
	DC_XA-YA-nSA- nVA
	OTA
	38.521-3
	MSD ii) verified.

X ,Y and S are connected via OTA but with no strict control of DL power(a.k.a Anchor agnostic approach[5]). Only the FR2 NR CC nV will be measured.

	3
	CA_XA-YA-ZA-WA
	Conducted
	36.521-1
	Refsens between LTE CCs(including sensitivity degradations between LTE CCs) verified.

	4
	CA_nSA-nTA

( CA_*A_nSA-nTA for UEs only supports NSA )
	Conducted
	38.521-1
	Refsens between FR1 NR CCs(including sensitivity degradation s between FR1 NR CCs) verified.

	5
	CA_nVA

( CA_*A_nVA for UEs only supports NSA )
	OTA
	38.521-2
	Refsens for FR2 NR verified.


The maximum simultaneously configured CCs in EN-DC test environment are decreased  from 4 to 2 for LTE, from 3 to 2 for NR(FR1 and FR2) in this case. Only #1 and #2 are specific to the tested DC band combination and are needed to be tested. #4 - #6 can be leveraged (reused) from the exiting test result if they are already executed. Inversely say, if #4 - #6 are tested the result can be reused for other similar DC band combination. Thus, from the total test time POV, the impact for the total test time is very limited.
Observation 3 : Hence the test results can be reused among similar DC band combination, the impact to the total test time is very limited with the proposed method.
Test point analysis procedure for EN-DC REFSENS
The test point analysis for EN-DC band combination can be done with the following procedure.

1) List the all of MSDs(exceptions) between LTE-FR1 NR, LTE-FR2 NR or FR1 NR-FR2 NR defined in core spec TS 38.101-3.
2) For each MSDs listed in 1), identify the minimum set of DC/CA band combinations and its configurations(frequencies, RB allocations etc) with which the MSD can be tested. 
3) Remove the duplicated band combinations and configurations in 2) , and remaining ones are the test points tested in 38.521-3. 
4) For the fall-back CA combinations with only LTE CCs, FR1 NR CCs or FR2 NR, the same method as done ever in LTE can be used for test point analysis.
We can capture the above analysis in technical report in TR 38.905 for each DC band combination. 
Treatment of other Rx tests than REFSENS
In 38.101-3, the explicit requirement for the EN-DC is defined only for REFSENS. For other Rx test cases, there is no explicit requirement specified for EN-DC.  The following sentence in section 7.1 of 38.101-3 indicates the single carrier requirements are the baseline requirements applied for all of the Rx tests.  
The requirements defined in this clause are the extra requirements compared with the single carrier requirements defined in [2] and [3].

This means that if no specific requirement specified in 38.101-3, the requirement should refer back to “[2]” and “[3]”, where “[2]” and “[3]” are NR SA core requirements (38.101-1 and 38.101-2). Thus, there is no statement that NR and LTE should be tested simultaneously for EN-DC other than REFSENS, then how to test EN-DC in the conformance specification can be up to RAN5.  To take the test system complexity issue into account, we propose the following principle for the EN-DC Rx tests other than REFSENS.
Proposal 3 : For EN-DC Rx tests other than REFSENS, LTE and NR are tested separately in conformance test specification. For testing of NR CCs, only the PCC of MCG is configured unless individual analysis for the need of additional LTE CCs is provided. 


3.
Conclusion
In this document, the test approach for the EN-DC with multiple LTE, FR1 NR and FR2 NR CCs is proposed. 
Observation 1 : The test system complexity is expected to be increased dramatically for EN-DC with multiple CCs for LTE and NR thanks to the increased number of CCs(6 and more) and increased number of Rx ports(e.g. 8Rx)
Observation 2 : It is worth to consider the test approach for EN-DC that can relax the test system complexity so that the conformance test can be carried out cost-effectively  even after the more complicated conditions (6CC and more, 8Rx port etc…) are introduced in near future.

Observation 3 : Hence the test results can be reused among similar DC band combination, the impact to the total test time is very limited with the proposed method.
Proposal 1: For EN-DC REFSENS test, test the sensitivity degradation (so called sensitivity exceptions or  MSD) in 38.521-3 regardless of LTE, FR1 and FR2. 
Proposal 1a : Upon the test of MSD in conducted test environment(i.e. testing of MSD in LTE/FR1 CCs), only the minimum numbers of LTE CCs required for test sensitivity exceptions are configured. Possibility to decrease the NR CCs is FFS. 

Proposal 1b : Upon the test of MSD in OTA test(i.e. testing of MSD due to harmonic of LTE/FR1 CCs to FR2 refsens), only the minimum numbers of LTE/FR1 NR/FR2 NR CCs required to test MSD are configured. 
Proposal 2 : For EN-DC REFSENS test, the reference sensitivity without MSD can be verified by levering the test result from SA test result for NR CCs or from LTE test result in 36.521-1 for LTE CCs. The same approach as proposed in [4] applies for NR CCs for UEs only support NSA mode.
Proposal 3 : For EN-DC Rx tests other than REFSENS, LTE and NR are tested separately in conformance test specification. For testing of NR CCs, only the PCC of MCG is configured unless individual analysis for the need of additional LTE CCs is provided. 
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