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1 IntroductionAt RAN5#87-e meeting, a re-structuring of standalone refsens test cases in 38.521-1 was agreed in [1] with corresponding TP analysis in 38.905 [2]. This re-structuring was the outcome of AP#85.21 “Define framework for NR CA Rx test optimization by re-using higher order fallbacks results”.
Since [1] and [2] only considered standalone test cases, a new AP was created to expand with EN-DC and FR2.
	Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#87e.25
	RF
	Define framework for NR CA (ENDC and FR2) Rx test optimization by re-using higher order fallbacks results
	E///, Huawei, Anritsu, Qualcomm, CAICT, Samsung, DCM, CMCC, DISH , WE Certrification
	R5-202375


	RAN5#88e
	Open


This paper addresses this action point for EN-DC FR1 Rx test cases. 

This proposal includes a re-structuring of EN-DC Reference Sensitivity test cases in TS38.521-3 as well as a change of test coverage.

In this paper the definitions “default” and “additional” Reference Sensitivity (refsens) test cases that were created as part of AP#85.21 are re-used. 

The purpose of “additional” test cases is to verify the exception requirements from 38.101-3. The exception requirement is only defined for two carriers normally where one is the aggressor and one is the victim. For this reason, there is no need for more than a 2CC test case.

The purpose of “default” test cases is to verify the non-exception requirements from 36.101 and 38.101-1. These test cases are defined from 2CC up to the max number of NR CCs possible so that the maximum NR configuration in the UE can be tested.  
2 Analysis of NR FR1 EN-DC CA Rx test cases2.1 Requirements from 38.101-3
2.1.1 Defined EN-DC configurations
Downlink EN-DC configurations for FR1 in 38.101-3 Rel-16:

· Intra-band contiguous EN-DC configurations does not include NR CA (max 1NR CC), only LTE CA (max 3 LTE CC)

· Intra-band non-contiguous EN-DC configurations does not include NR CA (max 1NR CC), only LTE CA (max 3 LTE CC)
· Inter-band EN-DC configurations include up to 5 bands but max 2 NR CCs in 1 (class C) or 2 bands (class A-A)
· No combination of intraband contiguous/non-contiguous EN-DC + interband NR CA defined. LTE and NR CCs are always on different bands in any inter-band combination.

Uplink EN-DC configurations for FR1 in 38.101-3 Rel-16:

The UL configuration contains at least 1 LTE CC and 1 NR CC, meaning 2 UL CC.

3 UL CC configurations are also defined but only with intraband configuous CA on either LTE or NR (DC_XA-nYC or DC_XC-nYA) 

2.1.2 Refsens

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 interband 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 interband intermodulation and added in the “additional” test case. 

The intraband 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

1) UL harmonic interference

2) Receiver Harmonic Mixing

3) Intermodulation due to Dual uplink

4) Cross band isolation

The requirements for dual uplink intermodulation apply only for a RAN4 specified test frequency setting per UL configuration, meaning it may not be possible to avoid the exception. However, there may be cases when the exception can be avoided by testing a different UL configuration. For example, in DC_1A-3A_n28A the UL configuration can be either DC_1A_n28A or DC_3A_n28A. If DC_1A_n28A is configured there is an IMD product causing exception in band 3 that cannot be avoided. But if DC_2A_n28A is configured in UL there is no exception and single carrier requirements can be tested.  
RAN5 have agreed for SA tests that 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 refsens 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. 
2.1.3 Rx requirements other than refsens
The requirements are in some cases referring back to standalone requirements in 36.101/38.101-1. In other cases, specific exceptions for EN-DC are defined in 38.101-3. This is summarized in the table below. 
	#
	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


2.2 Existing RAN5 test case structure and requirement split

Before going into the test case details, the term “exception” needs to be clarified since it is different for EN-DC compared to SA since we can have the following situations:

1. EN-DC config without exception

a. Anchor agnostic, only need to be tested for UE not supporting SA
2. EN-DC config with exception when the exception applies
a. Need to be tested for all EN-DC UEs

3. EN-DC config with exception when the exception does not apply (single carrier requirement applies)

a. Need to be tested for all EN-DC UEs
b. In some cases, it is not possible to avoid the exception.
c. This situation is not tested at all in current TS38.521-3 and need to be added.
d. Anchor agnostic approach shall not be followed. It is important that LTE aggressor is active to test performance when the interferer falls outside of the victim carrier
A review of the current refsens test cases in 38.521-3 V16.4.0 gives the following result:
	Clause number
	Title
	Applicability
	Requirement coverage
	Comment

	7.3B.2.1
	Reference sensitivity for Intra-band Contiguous EN-DC (2 CCs)
	intraband cont
	band 71 exceptions
	no coverage of non-exception cases

	7.3B.2.2
	Reference sensitivity for Intra-band non-contiguous EN-DC (2 CCs)
	intraband non-cont
	Band n3 and band n41 standalone req (anchor agnostic)
	no coverage of exception cases

	7.3B.2.3
	Reference sensitivity for Inter-band EN-DC within FR1(2 CCs)
	interband
	UL harmonics, harmonic mixing, cross band isolation, 2UL intermodulation

standalone req (anchor agnostic)
	Huge number of test configuration tables (one per DC configuration) which will be hard to maintain
Test requirements cover both non-exception EN-DC configs (anchor agnostic) and exception EN-DC configs, but is lacking the case where an EN-DC config is tested and exception is avoided. 

	7.3B.2.3_1.1
	Reference sensitivity for EN-DC within FR1 (3 CCs)
	interband
	2UL intermodulation only
	No coverage of non-exception cases

Covers 2UL intermodulation (2 bands) that is already tested in 7.3B.2.3

	7.3B.2.3_1.2
	Reference sensitivity for EN-DC within FR1 (4 CCs)
	interband
	2UL intermodulation only
	same as previous row


2.3 Lower order fallbacks

In LTE 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 LTE 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 LTE operation, which is covered by 36.521-1 test cases. 

LTE CA fallback

Since it has been agreed to use anchor agnostic approach for EN-DC test cases (38.521-3, clause 4.6), it is enough to test with 1 LTE CC unless more CCs are needed to test an exception requirement in 38.101-3. 
There are exception requirements in 38.101-3 for intraband-contiguous EN-DC (not refsens, but other Rx requirements as shown in section 2.1.3) meaning the maximum number of LTE CCs need to be tested in this scenario.
LTE 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.  
LTE CA fallback in inter-band 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 observation in section 2.5.  
NR CA fallback
As shown in section 2.1.1, the maximum number of NR CCs for Rel-16 is 2, which only occurs in inter-band EN-DC. The fallback to NR 1CC may need to be tested in the cases where the 2CC configuration had a refsens exception that is avoided in the fallback case.
2.4 Observations regarding current status of 38.521-3 Rx test cases

The very large and complex test cases make analysis of skipping CA fallback and maintenence difficult. Just the test config tables of the 2CC inter-band test case are 24 pages long.
Test coverage of exceptions vs non-exceptions is not consistent in the different test cases.

Including exception requirements in all test cases (2CC, 3CC etc) means duplication of test points and test requirements.

Test cases does not cover the case where an exception is avoided. This is important both for real network operation and other than refsens test cases which need to be tested with as low refsens as possible

It is not visible in the test cases which EN-DC configurations need to be tested and which can be skipped (e.g. when can LTE CA be skipped and just tested with 1 LTE CC). Other than refsens test cases have EN-DC specific requirements (exceptions) only in some cases (intra-band contiguous EN-DC), implying that also refsens test cases need to consider this.
2.5 Proposals
As seen above, the EN-DC requirements are similar to the SA requirements from a structure point of view. Therefore, the same test case re-structuring as done for SA as part of AP85.21 can be considered for EN-DC which can greatly reduce complexity in 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. Also, a large number of EN-DC configurations are already added in the specification meaning the changes to existing test cases will be massive.  
The following principles are suggested for EN-DC Rx test cases:

1. Let the 2CC test cases cover all refsens exceptions (as done already). Include test coverage of refsens when exception is avoided and standalone requirements apply and clearly mark these test points so they can be used in other than refsens Rx test cases.

2. The 2CC test cases always need to be tested even for UE supporting more CCs since some of the exceptions is not covered in >2CC test cases.
3. Let the 3CC-4CC test cases cover mainly non-exceptions, both for EN-DC configurations where no exception apply (anchor agnostic testing), and when the exception is avoided (not anchor agnostic). If 2UL intermodulation exception always apply, include testing of this exception in all test cases.

4. Highest number of NR CCs supported in the UE need to be tested
. Only 1 LTE CC need to be tested for intra-band non-contiguous EN-DC and inter-band EN-DC. Maximum number of LTE CCs need to be tested for intraband contiguous EN-DC.
5. Since requirements for 3UL and 2UL 
are the same for the Rel-16 EN-DC configurations 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. 
	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
	-
	-
	2UL



	2UL Intermodulation
	-
	-
	2UL1

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

	Note 1: Requirements in this configuration mandate 2UL and apply only for one test frequency/BW setting, no refsens requirement apply otherwise so the exception cannot be avoided.
Note 2: Other than refsens requirements in this configuration mandate 2UL


7. In >2CC test cases, there are cases where an exception cannot be avoided. In this case the test requirements that are normally general for any EN-DC config need to include this specific exception requirement. In addition, fallback configurations needs to be analyzed to ensure test coverage of the single carrier requirement for the victim band that applies in the fallback. In order to simplify test applicability this fallback configuration will be specified inside the higher order test case. This is only valid for 4CC to 3CC fallback and not 3CC to 2CC fallback since the 2CC test case will always be run. 
Looking at the table in section 2.5 (Rel-16 scope) there are two possible cases in the 4CC test:

•
3LTE+1NR: Here the LTE CA config is intra-band contiguous, meaning the fallback to 2LTE+1NR will have the same inter-band exception. -> The fallback case has same exception requirement and don’t need to be tested.

•
2LTE (2 band)+2NR (2 band): This is for 3band 2UL IMD case where 2 LTE carriers are the aggressors and 1 NR CC is the victim. -> The fallback case does not have the exception and therefore need to be tested. It is FFS if it is needed to run the 3CC test in this situation or if it is enough with the 2CC test.

Option A: The maximum number of CCs per EN-DC config type and 2CC are sufficient to test and no fallback scenario need to be tested

Option B: For a 4CC configuration it needs to be analyzed if the 3CC fallback need to be tested. 

8. The Rx test cases other than refsens can refer back to the test config tables of refsens test cases. If there are multiple test points, the first test point shall be used for other than refsens test cases. This test point shall be the one with no refsens exception, or with the lowest possible MSD.
9. Test cases need to be defined from 2 up to 4 CCs for Rel-16 which has an impact on EN-DC work plans for Rel-15 and Rel-16. The number of CCs  may increase in Rel-17. The reason for not needing more than 4CC is that it is sufficient to test max number of NC CCs as well as all defined exceptions. 

By agreeing to the proposals above, the test case structure will become as in following table.

	Clause number
	Title
	Requirement coverage
	EN-DC configuration type


	
	
	
	Intra-band cont EN-DC
	Intra-band non-cont EN-DC
	Inter-band EN-DC

	7.3B.2.1
	Reference sensitivity for Intra-band Contiguous EN-DC (2 CCs)
	1) Band n71 exceptions
2) standalone NR requirements
	 Yes
	-
	-

	7.3B.2.2
	Reference sensitivity for Intra-band non-contiguous EN-DC (2 CCs)
	1) Band n3 exceptions
2) standalone NR requirements
	 -
	Yes
	-

	7.3B.2.3
	Reference sensitivity for Inter-band EN-DC within FR1 (2 CCs)
	1) UL harmonics, harmonic mixing, cross band isolation, 2UL intermodulation (2 band)

2)  standalone NR requirements
	 -
	-
	Yes

	7.3B.2.3_1.1
	Reference sensitivity for EN-DC within FR1 (3 CCs)
	1) standalone NR requirements, 
2) 2UL intermodulation (2-3 band)
	 Yes (2LTE+1NR)1
	-
	Yes (1LTE+2NR, 2LTE+1NR2)

	7.3B.2.3_1.2
	Reference sensitivity for EN-DC within FR1 (4 CCs)
	1) standalone NR requirements
2) 2UL intermodulation (3 band)
	Yes (3LTE+1NR)1
	-
	Yes (2LTE+2NR3)

	Note 1: This is needed for other than refsens Rx test case that refers back to refsens test config table
Note 2: For EN-DC configs affected by 2UL intermodulation, 2LTE+1NR may also need to be tested (when LTE CC1 is aggressor and LTE CC2 is victim) 
Note 3: Only EN-DC configs affected by 2UL intermodulation need to be tested (when LTE CC1 and CC2 are aggressors and NR CC2 is victim) 



Observation: There is an issue in only requiring highest CC number to be tested, since this rule can only be applied within one EN-DC configuration type. For example, if the UE supports 3LTE+1NR intraband contiguous EN-DC and 1LTE+2NR inter-band EN-DC, both configurations need to be tested for sufficient test coverage of core requirements. Another problem is that highest CC number to test within Inter-band EN-DC is not easy to determine it shall include 1 or 2 LTE CCs, not more.
   
2.6 Examples on possible 3CC configs and test coverage

As explained in section 2.1.1 only certain configurations are specified in 38.101-3. 
Some configuration may not need to be tested for reasons like:

1) To test an exception, it is sufficient to test with 2CC (“N/A” in table below)

2) No exception requirement exists (“No test needed. Only 2CC need to be tested” in table below)
For configurations that need to be tested, anchor agnostic approach can be used for LTE when testing a non-exception requirement. In other cases, the LTE carrier need to be fully configured.

The different cases that may happen for 3CC configurations, and the proposed test coverage are listed in the table below.

	EN-DC type
	LTE CA
	NR CA
	Notation
	Test coverage

	
	
	
	
	Exception type

	
	
	
	
	No exception
	UL harmonics, harmonic mixing, cross band isolation
	2UL intermodulation

	Intra-band contiguous EN-DC
	No
	Yes
	DC_(n)XAC 
	Test needed (max NR CC)
	N/A
	N/A

	
	Yes
	No
	DC_(n)XCA 
	Test needed due to other than refsens exception in intra-band EN-DC
	N/A
	N/A

	Intra-band non-contiguous EN-DC 
	Yes (cont)
	No
	DC_XC_nXA
	No test needed. Only 2CC need to be tested
	N/A
	N/A

	
	Yes (non-cont)
	No
	DC_XA-XA_nXA 
	No test needed. Only 2CC need to be tested
	N/A
	N/A

	
	No
	Yes (cont)
	No such config in 38.101-3 V16.3.0
	N/A
	N/A
	N/A

	
	No
	Yes (non-cont)
	No such config in 38.101-3 V16.3.0
	N/A
	N/A
	N/A

	Inter-band EN-DC 
	No
	Yes (intra-cont)
	DC_XA-nYC 
	Test needed (max NR CC) – anchor agnostic
	Test needed (max NR CC)
	Test needed (max NR CC)

	
	No
	Yes (intra-non-cont)
	DC_XA-nY(2A) 
	Test needed (max NR CC) – anchor agnostic
	No test needed. Only 2CC need to be tested
	Test needed (max NR CC)

	
	No
	Yes (inter)
	DC_XA-nYA-nZA 
	Test needed (max NR CC) – anchor agnostic
	Test needed (max NR CC)
	Test needed (max NR CC)

	
	Yes (intra-cont)
	No
	DC_XC-nYA 
	No test needed. Only 2CC need to be tested
	No test needed. Only 2CC need to be tested
	No test needed. Only 2CC need to be tested

	
	Yes (intra-non-cont)
	No
	DC_XA_XA-nYA 
	No test needed. Only 2CC need to be tested
	No test needed. Only 2CC need to be tested
	No test needed. Only 2CC need to be tested

	
	Yes (inter)
	No
	DC_XA-YA-nZA 
	No test needed. Only 2CC need to be tested
	No test needed. Only 2CC need to be tested
	Test needed
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�QC: Do we need to check with RAN4 if avoided exception need to be tested? In e.g. Spurious testing for CA RAN4 states that only the IMD products need to be measured


�QC: If no additional exception, no need to test more CCs





AT&T: Highest number of NR CCs need to be tested





SSG: Agree with AT&T





QC: Do we not need to test max number of LTE CC? Especially if it is tested in SA test cases





HW: More CCs can affect UE behaviour even if no exception





Need to continue discussing whether max number of NR CCs (without exception) need to be tested, especially for SA+NSA UE


�AT&T: 3CC may bring exceptions (non-contiguous).





E///: In Rel16 (current WI) we don’t have this. 





Clarify that this conclusion holds only for Rel16 and current version of 38.101-3





CMCC: Can 3UL be added in future without affecting structure?


�QC: for testing refsens the UL has to be actively transmitting, so 2UL is needed here


�Changed to 2UL in r1


�E///: Not all LTE CCs are needed to be tested since they are not part of any exception requirement, as RAN4 requirements are now. This number will increase in Rel17





Discuss offline if this can be agreed. If agreed, WP to be updated.


�Huawei: 


Prefer the structure from V2 of this paper





A drawback with V6 is that there is some redundant testing of exceptions for a 3CC config with 2UL IMD where the IMD is tested twice (both in 2CC test and in 3CC test


�QC: One huge test config table is not better.





HW: Better readability if we merge the tables


�This is an observation, no solution





QC: What does highest CC number mean? 
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