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<Start of Changes>
[bookmark: _Hlk63085735][bookmark: _Toc68073952][bookmark: _Toc75371814][bookmark: _Toc83727882]D.2.3	Reference sensitivity
Intra-band
Unlike for standalone NR, there are exceptions for intra-band operation, currently limited to band 3 for non-contiguous operation and band 71 for contiguous operation.
The exceptions in band 3 is due to 2UL intermodulation interference making it similar to the corresponding inter-band intermodulation case. This scenario did not happen in standalone NR mode due to that there is no UL CA defined for CA_n3(2A).
It can therefore be treated in the same way as inter-band intermodulation and added in the “additional” test case.
The intra-band contiguous exceptions are not expected to be very common. Currently only band 71 is affected, which can be added in the “additional” test case.
Inter-band
For both SA and NSA there are 4 different types of interference related to inter-band operation that results in refsens exception if the frequency relation of the exception is fulfilled.
Table D.2.3-1: Exception types for inter-band (2 bands)
	Exception types
	Aggressor
	Victim
	Frequency relation 

	UL harmonic interference (HD)
	Low band UL
	High band DL
	a*fUL_LB  = fDL_HB

	Receiver Harmonic Mixing (HM)
	Low band DL LO and High band UL
	Low band DL
	b*fDL_LB  + c*fUL_HB = fDL_LB

	Intermodulation due to Dual uplink (IMD)
	Low band UL and High band UL
	DL
	a*fUL_LB + c*fUL_HB = fDL_LB  
or 
a*fUL_LB + c*fUL_HB = fDL_HB 

	Cross band isolation (CBI)
	UL on other than victim band
	DL
	



The exception requirements for dual uplink intermodulation apply only for a RAN4 specified test frequency setting per UL configuration in TS 38.101-3 [7].
More details on how the exception requirements were derived by RAN4 can be found in TR 37.863 (Rel-15), TR 37.716 (Rel-16) and TR 37.817 (Rel-17). These RAN4 TRs can be used to identify all the applicable requirements for a certain EN-DC configuration which are otherwise spread out over multiple sections in TS 38.101-3 [7]. Additionally, the TRs specify exactly which aggressors that contribute to the exception for IMD which is not defined in the TS. Some terminology from the mentioned TRs are re-used here to calculate test frequency for avoiding the exceptions, namely:
BWINT: Effective bandwidth of the interference falling into the victim band.
FINT: Interference centre frequency. If |FINT| ≥ (BWINT+BWvictim)/2 the interference is not overlapping the victim carrier and exception requirements do not apply.
It has been agreedRAN5 have agreed for SA tests that for SA tests all the interference types except intermodulation can be tested with 1UL. Doing the same for NSA would simplify the test cases and would also mean that the main interferer (the aggressor) can be tested with higher power.
Most other Rx requirements than reference sensitivity in intra-band contiguous EN-DC configuration require a configuration with 2UL however, meaning the “default” test cases need to be tested with 2UL active in this scenario
There are combinations of intra-band contiguous/non-contiguous EN-DC + inter-band E-UTRA/NR CA which are listed in the inter-band EN-DC configuration tables of T S38.101-3 [7]. These configurations do not add any exception requirements and are therefore proposed not to be tested unless they contain maximum number of NR CCs supported by the UE.
[bookmark: _Toc68073953][bookmark: _Toc75371815][bookmark: _Toc83727883]D.2.4	Rx requirements other than reference sensitivity
The requirements are in some cases referring back to standalone requirements in TS 36.101/ TS 38.101-1. In other cases, specific exceptions for EN-DC are defined in TS 38.101-3 [7]. This is summarized in Table 2.1.3-1.
Table D.2.4-1: Rx requirements
	Clause
	Title
	Requirement

	
	
	Intra-band contiguous
	Intra-band non‑contiguous
	Inter-band

	7.4B
	Max input level
	Exception with 2UL
	Standalone
	Standalone

	7.5B
	ACS
	Exception with 2UL
	Standalone
	Standalone

	7.6B.2
	IBB
	Exception with 2UL
	Standalone
	Standalone

	7.6B.3
	OOBB
	Exception with 2UL
	Standalone
	Standalone (only 2 band needed)

	7.6B.4
	NBB
	Exception with 2UL
	Standalone
	Standalone

	7.7B
	Spurious response
	Exception with 2UL
	Standalone
	Standalone (only 2 band needed)

	7.8B
	Intermodulation
	Exception with 2UL
	Standalone
	Standalone

	7.9B
	Rx spurious
	Standalone
	Standalone
	Standalone



[bookmark: _Hlk63084791][bookmark: _Toc68073954][bookmark: _Toc75371816][bookmark: _Toc83727884]D.2.5	Test case structure and test coverage
As seen above, the EN-DC requirements are similar to the SA requirements from a structure point of view. Therefore, the same test case structure as for SA where test cases are separated into “default” and “additional” test cases can be considered for EN-DC which can greatly reduce complexity in TS 38.521-3[4]the RAN5 spec as well as reducing the need to complicated fallback test analysis. However, the additional complexity of EN-DC requirements means that a clear separation between exception (“additional”) test cases and “default” test cases is not as straightforward.
The following principles are suggested for EN-DC Rx test cases:
1.	Let the 2CC test cases cover all reference sensitivity exceptions. Include test coverage of reference sensitivity when exception is avoided.
2.	The 2CC test cases always need to be tested even for UE supporting more CCs since some of the exceptions are not covered in >2CC test cases.
3.	Let the 3CC-5CC test cases cover mainly non-exception testing (anchor agnostic), including EN-DC not affected by exceptions and EN-DC affected by exceptions. 2UL 3 band intermodulation exceptions are tested in the 3CC test. Exceptions that 2CC fallback cannot cover are tested in 3CC test.
4.	Highest number of NR CCs per band combination supported in the UE need to be tested. Anchor agnostic testing unless the EN-DC configuration has an exception requirement. Only 1 E-UTRA CC need to be tested for intra-band non-contiguous EN-DC and inter-band EN-DC. Maximum number of E-UTRA CCs need to be tested for intra-band contiguous EN-DC (1 band). This is further explained in clause 3.2.6.
5.	Since requirements for 3UL and 2UL for the Rel-16 EN-DC configurations are the same there is no technical reason to test receiver requirements with 3UL configured. This may change in Rel-17 but will not have an impact on structure if we can add 3UL as new test points in existing tests.
6.	The test configuration shall be with 1UL or 2UL active depending on the exception type as indicated in Table D.2.5-1.
Table D.2.5-1: UL configuration to test
	Exception type
	Intra-band contiguous EN-DC
	Intra-band non‑contiguous EN-DC
	Inter-band EN-DC

	Intra-band contiguous (band 71)
	2UL1
	-
	-

	Intra-band non-contiguous (band 3) 
	-
	2UL1
	-

	UL harmonics, Rx mixing, cross band isolation
	-
	-
	1UL

	2UL Intermodulation
	-
	-
	2UL1

	EN-DC config w/o exception
	2UL2
	1UL (anchor agnostic)3
	1UL (anchor agnostic)

	NOTE 1: Exception requirements apply only with 2UL and apply only for one test frequency/BW setting.
NOTE 2: Other than refsens requirements in this configuration mandate 2UL
NOTE 3: Requirements in this configuration mandate 2UL (TS 38.101-3, 7.1) unless UE supports only single UL. However, there is no Rel-16 configuration w/o exception where 2UL is supported meaning only 1UL is configured in the test case



7.	Void
8.	Other than reference sensitivity test cases should use the MSD=0 test points defined in reference sensitivity test case, or minimum achievable MSD. This is currently ensured by using anchor agnostic configuration for inter-band EN-DC, but other solutions are not precluded.
9.	Test cases need to be defined from 2 up to 5 CCs for Rel-16. The number of CCs may increase in Rel-17. The reason for not needing more than 5CC is that it is sufficient to test max number of NR CCs as well as all defined exceptions.
[bookmark: _Toc68073955][bookmark: _Toc75371817][bookmark: _Toc83727885]D.2.6	EN-DC configurations to test
[bookmark: _Toc68073956][bookmark: _Toc75371818][bookmark: _Toc83727886]D.2.6.1	Lower order fallbacks
In E-UTRA RAN5 specifications, the lower order CA fallback cases are important in the test point analysis. If requirements are the same in the lower order fallback, then the fallback can be skipped to save test time. The same principle can be applied for EN-DC, but there is a need to keep in mind that this is only for CA fallback and not EN-DC fallback. Additionally, lower order CA fallbacks can be split into E-UTRA CA fallbacks and NR CA fallbacks.
EN-DC fallback
EN-DC fallback does not need to be handled since this would mean falling back to pure E-UTRA operation, which is covered by TS 36.521-1 test cases.
E-UTRA CA fallback
Since it has been agreed to use anchor agnostic approach for EN-DC test cases (TS 38.521-3 [4], clause 4.6), it is enough to test with 1 E-UTRA CC unless more CCs are needed to test an exception requirement in TS 38.101-3 [7].
There are exception requirements in TS 38.101-3 [7]for intra-band-contiguous EN-DC (not reference sensitivity, but other Rx requirements as shown in clause D.2.3) meaning the maximum number of E-UTRA CCs need to be tested in this scenario.
E-UTRA CA fallback in intra-band contiguous EN-DC can result in change of EN-DC config from contiguous to non-contiguous (e.g. DC_(n)41DA -> DC_41C_n41A). This change means requirements are different, but since the non-contiguous requirement is same as the standalone requirement it does not need to be tested.
E-UTRA CA fallback in inter-band contiguous EN-DC can result in change of EN-DC config to intra-band contiguous (e.g. DC_1A-(n)41AA->DC_(n)41AA). This change means requirements are different, implying that both EN-DC config types may need to be tested. See clause D.2.6.2.
<Unchanged Text Skipped>
[bookmark: _Toc68073966][bookmark: _Toc75371828][bookmark: _Toc83727897]D.2.10.3	Test point selection EN-DC configuration with exception when exception does not apply
According to the test principle outlined in clause D.2.5, there is a need to verify the UE performance when the exception is avoided and MSD=0 dB applies. Detailed background can be found in [9].
The calculation of test frequency for avoiding exceptions is presented in clause 2.5. The UL configuration also need to be determined and may be with one or two simultaneous UL CCs depending on the scenario.
For HD and HM exceptions when the victim band is TDD there is no need from an interference point of view to have UL active on the victim band, meaning this can be verified with 1UL. The same can apply for EN-DC configurations where single switched Tx is allowed. In the case of FDD victim band when 2UL Is mandatory, both UL CCs should be active since this represents the worst case.
For CBI exceptions the requirements are defined in two different ways depending on the EN-DC configuration:
1.	Exception applies for any frequency separation as long as aggressor UL is active. In this case, the only way to avoid the exception is to not have UL active on the aggressor band. The test point then becomes very similar to the standalone test and then does not need to be tested for a SA and NSA capable UE. Therefore, CBI exception avoiding could not be tested for this kind of combinations.
2.	Exception applies only if separation is small. Just like for HD and HM exceptions, the exception can be avoided by configuring a larger separation with aggressor signal still active.
[bookmark: _Hlk63340498][bookmark: OLE_LINK192][bookmark: OLE_LINK193]For 2-band IMD exceptions, the exception is avoided by changing the frequency of one of the CCs such that the intermodulation does not overlap with the victim CC anymore. In the case of multiple IMD affecting the same victim band, only the worst case IMD may be tested. However, in RAN4’s specificationTS 38.101-3[7], there is no general criteria in which REFSENS can be fulfilled with MSD=0 for the EN-DC combinations which have MSD exceptions due to IMD interference (2 UL active). The 2-band IMD exception avoiding testing is still FFS in RAN5TS 38.521-3[4].
For 3-band IMD exceptions there are a separate set of IMD depending on the UL configuration (selecting 2UL among 3 bands gives two cases). Within a UL configuration, the same test point selection as for 2-band IMD can be used.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]<End of Changes>
