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1 Introduction

During RAN5-88e proposals for test case structure and test points for EN-DC Receiver test cases as part of AP#87e.25 was under discussion in [2]. 
One of the observations in [2] was that “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”

This observation lead to the following proposal:

“Include test coverage of refsens when exception is avoided and clearly mark these test points so they can be used in other than refsens Rx test cases”

No agreement could be reached on this proposal since one company was of the opinion that if there are no exception requirements defined in 38.101-3 there is no need to test.

The intention of this paper is to justifiy that there is a need to test EN-DC configurations affected by UL Harmonic exceptions in test frequencies where the interference falls outside the victim DL carrier (“miss”) in addition to where the interference falls inside the victim DL carrier (“hit”). 
Secondly, EN-DC configurations affected by 2UL Intermodulation exceptions are discussed.
2 Discussion on UL harmonic exceptions
2.1 RAN4 requirements

The RAN4 requirements are listed in Annex of this paper.

Observation 1: RAN4 have included requirements with a low MSD for the “miss” case for 2nd order harmonics (H2), which is an indication that this is a difficult scenario for the UE to support and hence there is a need to test it.

Observation 2: RAN4 have not included requirements for the “miss” case for 3rd order harmonics and higher (H3-H5), but considering observation 1 there is a need to test also higher order harmonics with zero MSD. 
2.2 RAN5 anchor agnostic test principle

As already brought up in [2], the definition of “Anchor agnostic” is not clear and need to be revised. 

Currently, this is described in 38.521-3 as:


[image: image1]
The text in section 4.5 quoted above is the result of a discussion paper [1] which proposed that 

Proposal 1: When both NR and LTE exception/additional requirements are listed in TS 38.101-3 (and/or when core requirements imply LTE+NR combined measurements are needed to be performed over the aggregated EN-DC bandwidth), LTE anchor agnostic approach is not applied.  LTE test point analysis needs to be carried out and test case is defined with LTE measurements in test procedure as per TS 38.101-3 [1] requirements.
In the above proposal (which was endorsed) it is clear that if there are exception requirements listed in 38.101-3, the anchor agnostic approach is not applied for testing that particular EN-DC configuration. It is however not sufficiently clear how to test an EN-DC configuration with exception requirements, but the exception is avoided by selection of certain test parameters.

In TR38.905 within the attachement “38.521-3_TP analysis_7.3B_RxSense_EN-DC with FR1.zip” the following categorization of the requirements, introduced in [3], is included:

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. There is no RAN5 agreement on the need of testing this situation

b. In some cases, it is not possible to avoid the exception.

c. 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

Proposal 1: Update section 4.5 of 38.521-3 (Applicability and test coverage rules) to more clearly indicate category 3 case
2.3 The importance of testing category 3 case (exception does not apply)
2.3.1 Deployment considerations

For operations with EN-DC in the field, one way of reducing the impact of HD (harmonic distortion) and IMD (inter-modulation distortion) is planning the channel assignment such that HD and IMD is avoided. This relies on the fact that the degradation any one of these distortion products is significantly reduced should the frequency relation be such that these products do not fall within or just ‘miss’ the victim receive channel. From a deployment perspective it is therefore important to verify the UE receiver performance also when harmonic exceptions are not allowed.
2.3.2 Current RAN5 test coverage
The principle that there need to be test coverage for both exceptions (MSD) and no exceptions is well established in RAN5 for Carrier Aggregation testing in both LTE and NR. 

The same principle should be followed also in EN-DC testing since EN-DC from a UE RF point of view is very similar to CA operation. This is especially important for NSA only UEs.

Observation 3: TS38.521-3 section 4.5 bullet point 1c states that a NSA only UE need to test non-exception test requirements. This is today only tested in EN-DC configs without exceptions. This has the consequence that some EN-DC configs will never test the standalone FR1 requirements, and some NR bands may never be tested against standalone FR1 requirements. Example: For DC_8A_n41A where n41 has a 3rd order harmonic causing a 3.5 – 13 dB MSD, band n41 standalone FR1 requirements will not be tested.

Proposal 2: For EN-DC configurations with exceptions, add test coverage for standalone FR1 requirement when the exception is avoided whenever possible for NSA only UE.

2.3.3 UE considerations
Also for a SA+NSA UE, testing the case where the exception is avoided is of large importance even if this means that a certain standalone refsens requirement is tested twice (first in SA mode and then in EN-DC mode). The UE frontend configuration in EN-DC may be very different in EN-DC compared to SA case. In difficult band combinations, the UE may include interference mitigations by e.g. filtering in order to fulfil the exception requirement that has an impact on the part of the band where no exception is allowed. Also, the HD and IMD products have “skirts” outside their bandwidths as computed by the harmonic/IM order, and the performance in a victim channel may be impacted by a strong adjacent distortion product, which would not be visible in a SA test.  Therefore, to ensure that the UE performance is compliant and good performance is ensured for operator deployments in this part of the spectrum, such test coverage is important to include.

Proposal 3: Also for SA+NSA UE add test coverage for standalone FR1 requirement when the exception is avoided whenever possible.
The simplest way to test the case where the exception is avoided is to not let the aggressor transmit, but this is not sufficient to fully verify the UE performance in such deployments as previously mentioned. The UE may have leakage of the aggressor signal into the victim band due to non-linearities even if the harmonic relation between aggressor and victim is not met meaning the aggressor need to be active.
Proposal 4:  Test the standalone FR1 requirement when the exception is avoided with the agressor still active but with a frequency setting causing harmonic interference to fall outside the victim carrier (“miss”).

2.3.4 Other than refsens Rx test cases
Many of the receiver requirements other than refsens are tested at a power level of refsens + X dB. The worst case is at an as low as possible power level, meaning that a testpoint with as low MSD as possible should be selected. These requirements are now tested in anchor agnostic mode with same NR test frequency and test requirements as standalone test case. In this situation, the RAN4 spec is not 100% consistent on that this means that standalone requirements apply. For HD scenario, MSD applies only if the aggressor is transmitting, and MSD = 0 should apply if aggressor is silent. For IMD scenario however, MSD always apply even if the aggressor(s) are not active.
Observation 4: Current Rx test case other than refsens assumes that MSD= 0 if anchor agnostic approach is used and LTE is not transmitting, which is correct for HD but not for the IMD case. As a result, the test requirements for EN-DC configurations affected by IMD are not correct.
By ensuring that testpoints where exception is avoided is defined in refsens, test cases other than refsens can utilize these and benefit from better test point selection and more stringent testing.
Proposal 5: Other than refsens Rx test cases should use the MSD=0 test points defined in refsens test case, or minimum achievable MSD
3 Discussion on 2UL Intermodulation exceptions

Exceptions due to 2UL Intermodulation Distorsion (IMD) are defined differently in RAN4 in that if the EN-DC configuration has an IMD issue then requirements are only defined for one particular test setting, meaning the exception can in general not be avoided unlike harmonic exceptions. 

Example from TS38.101-3:

Table 5.5B.4.2-1: Inter-band EN-DC configurations within FR1 (three bands)

	EN-DC

configuration
	Uplink EN-DC

configuration

(NOTE 1)

	…
	

	DC_3A-20A_n78A5
DC_3C-20A_n78A5
	DC_3A_n78A

DC_20A_n78A

	…
	


.
.

.

7.3B.2.3.5
MSD for intermodulation interference due to dual uplink operation for EN-DC in NR FR1

For EN-DC configurations in NR FR1 the UE may indicate capability of not supporting simultaneous dual uplink operation due to possible intermodulation interference overlapping in frequency to its own primary downlink channel bandwidth if

-
the intermodulation order is 2;

-
the intermodulation order is 3 when both operating bands are between 450 MHz – 960 MHz or between 1427 MHz – 2690 MHz

In the case for EN-DC configurations in NR FR1 for which the intermodulation products caused by dual uplink operation do not interfere with its own primary downlink channel bandwidth as defined in Annex I the UE is mandated to operate in dual and triple uplink mode.

For EN-DC configurations in NR FR1 with uplink and downlink assigned to E-UTRA and NR FR1 bands given in Table 7.3B.2.3.5.1-1, Table 7.3B.2.3.5.1-1a, Table 7.3B.2.3.5.2-0 and Table 7.3B.2.3.5.2-1 the reference sensitivity is defined only for the specific uplink and downlink test points specified in Table 7.3B.2.3.5.1-1, Table 7.3B.2.3.5.1-1a, Table 7.3B.2.3.5.2-0 and Table 7.3B.2.3.5.2-1. For these test points the reference sensitivity levels specified in clause 7.3.1 in TS 36.101 [4] and 7.3.2 of TS 38.101-1 [2] for the corresponding channel bandwidths or in clause 7.3.1 of TS 36.101 [4] are relaxed by the amount of the parameter MSD given in Table 7.3B.2.3.5.1-1, Table 7.3B.2.3.5.1-1a, Table 7.3B.2.3.5.2-0 and Table 7.3B.2.3.5.2-1.

The throughput on each of the CGs shall be ≥ 95% of the maximum throughput of the respective reference measurement channels as specified in Annex A of TS 38.101-1 [2] and Annex A of TS 36.101 [4], with parameters specified in Table 7.3B.2.3.5.1-1, Table 7.3B.2.3.5.1-1a, Table 7.3B.2.3.5.2-0 and Table 7.3B.2.3.5.2-1 with dual UL transmissions overlapping in time unless otherwise stated.
.

.

.
Table 7.3B.2.3.5.2-1: MSD test points for Scell due to dual uplink operation for EN-DC in NR FR1 (three bands)

	NR or E-UTRA Band / Channel bandwidth / NRB / MSD

	EN-DC Configuration
	EUTRA / NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL

LCRB
	DL Fc (MHz)
	MSD 
(dB)
	IMD order

	…
	
	
	
	
	
	
	

	DC_3A-20A_n78A
DC_3C-20A_n78A
	3
	1725
	5
	25
	1820
	17.3
	IMD3



	
	20
	845
	5
	25
	804
	N/A
	N/A

	
	n78
	3510
	10
	50
	3510
	N/A
	N/A

	...
	
	
	
	
	
	
	


For the case of 3 band EN-DC configurations with 2UL configured, the UL configuration may sometimes not include the aggressor signal of the IMD. In such a case, the IMD exception does not apply meaning single carrier requirements apply. In the example DC_3A-20A_n78A above, there is an IMD affecting band 3. This IMD is caused by bands 20 and n78 UL according to TR37.863 (|fB78-2*fB20|), meaning it does not apply when UL configuration is DC_3A_n78A.
In some EN-DC configurations, single UL is allowed (c.f. TS38.101-3, Table 5.5B.4.1-1). For such UEs there is no IMD issue and standalone requirements applies. 

Observation 5: For EN-DC configurations with IMD, the IMD is not applicable for some UL configurations.

For every EN-DC configuration with IMD there is therefore a need to analyse the UL configurations to find the appropriate test points. This is included in updated TP analysis in R5-205992 [4].

Proposal 6: Include test coverage in IMD EN-DC configurations for when the IMD does not apply. This is especially important in other Rx test cases than refsens.
4 Proposal

Proposal 1: Update section 4.5 of 38.521-3 (Applicability and test coverage rules) to more clearly indicate category 3 case

Proposal 2: For EN-DC configurations with exceptions, add test coverage for standalone FR1 requirement when the exception is avoided whenever possible for NSA only UE.

Proposal 3: Also for SA+NSA UE add test coverage for standalone FR1 requirement when the exception is avoided whenever possible.

Proposal 4:  Test the standalone FR1 requirement when the exception is avoided with the agressor still active but with a frequency setting causing harmonic interference to fall outside the victim carrier (“miss”).

Proposal 5: Other than refsens Rx test cases should use the MSD=0 test points defined in refsens test case, or minimum achievable MSD

Proposal 6: Include test coverage in IMD EN-DC configurations for when the IMD does not apply. This is especially important in other Rx requirements than refsens.
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6 Annex: Requirements in TS 38.101-3 for EN-DC configs affected by UL Harmonics
In this section, the refsens requirements from TS 38.101-3 V16.3.0 is listed for the convenience of the reader. The different harmonics orders (2nd – 5th) are indicated using colour highlighting.
2nd order
3rd order
4th order
5th order
	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

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

	
	
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)
	(dB)

	1, 3
	n772,13
	 
	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
	 
	 
	 
	 
	 
	 
	 
	 

	2
	n482,13
	27.3
	24.4
	22.4
	21.2
	 
	 
	18
	17.1
	16.3
	15
	14.5
	14

	
	n483
	1.9
	1.4
	0.9
	0.4
	 
	 
	0
	0
	0
	0
	0
	0

	2
	n782,13
	 
	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
	 
	 
	 
	 
	 
	 
	 
	 

	3
	n782,13
	 
	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
	 
	 
	 
	 
	 
	 
	 
	 

	4
	n782,13
	 
	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
	 
	 
	 
	 
	 
	 
	 
	 

	5
	n786,7
	 
	10.5
	8.9
	7.8
	 
	 
	5.4
	4.2
	3.5
	2.3
	2.1
	1.4

	8
	n418,9
	N/A
	13
	11.3
	10.1
	 
	 
	7.0
	6.1
	5.5
	4.3
	3.9
	3.5

	8
	n776,7
	 
	10.8
	9.1
	8
	 
	 
	5.1
	4.2
	3.5
	2.3
	2.1
	1.4

	
	n786,7
	
	
	
	
	
	
	
	
	
	
	
	

	8
	n794,5
	 
	 
	 
	 
	 
	 
	6.8
	6.2
	5.6
	4.9
	 
	4.4

	n8
	314
	N/A
	N/A
	N/A
	N/A
	 
	 
	 
	 
	 
	 
	 
	 

	n8
	78,9,10
	10
	7.6
	6.2
	5.3
	 
	 
	 
	 
	 
	 
	 
	 

	12
	n668,9,10
	10
	7.5
	6.2
	5.5
	 
	 
	2.4
	 
	 
	 
	 
	 

	12
	n784,5
	 
	10.4
	8.9
	7.8
	 
	 
	4.7
	3.7
	3
	1.7
	1.2
	0.7

	n12
	484,5
	13
	10.4
	8.9
	7.8
	 
	 
	 
	 
	 
	 
	 
	 

	n12
	668,9,10
	10
	7.5
	6.2
	5.5
	 
	 
	 
	 
	 
	 
	 
	 

	18，19
	n774,5
	 
	10.4
	8.9
	7.8
	 
	 
	4.7
	3.7
	3
	1.7
	1.2
	0.7

	28
	n502,13
	27.8
	24.6
	22.8
	21.6
	 
	 
	18.5
	17.5
	16.7
	15.4
	 
	 

	
	n503
	1.9
	1.4
	0.9
	0.4
	 
	 
	 
	 
	 
	 
	 
	 

	28
	n512,13
	27.8
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	n513
	1.9
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	28
	n774,5 n784,5
	 
	10.4
	8.9
	7.8
	 
	 
	4.7
	3.7
	3
	1.7
	1.2
	0.7

	20
	n388,9
	12.9
	10.3
	8.4
	7.4
	 
	 
	 
	 
	 
	 
	 
	 

	20
	n41
	12.9
	10.3
	8.4
	7.4
	 
	 
	5
	4.3
	3.9
	3.1
	2.7
	 

	20
	n776,7
	 
	10.8
	9.1
	8
	 
	 
	6
	4.0
	3.2
	2.0
	1.5
	1.0

	
	n786,7
	
	
	
	
	
	
	
	
	
	
	
	

	26
	n418,9
	 
	10.3
	8.4
	7.4
	 
	 
	5
	4.3
	3.9
	3.1
	2.9
	2.7

	26
	n776,7
	 
	10.8
	9.1
	8
	 
	 
	6
	4.0
	3.2
	2.0
	1.5
	1.0

	
	n786,7
	
	
	
	
	
	
	
	
	
	
	
	

	n28
	18,9,10
	10.2
	7.6
	6.2
	5.3
	 
	 
	 
	 
	 
	 
	 
	 

	n28
	n75
	28.1
	25.3
	24.0
	22.8
	 
	 
	 
	 
	 
	 
	 
	 

	n28
	112,10,13
	24.8
	21.8
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	n28
	424,5,10
	14.1
	10.4
	8.9
	7.9
	 
	 
	 
	 
	 
	 
	 
	 

	28
	n502,13
	27.8
	24.6
	22.8
	21.6
	 
	 
	18.5
	17.5
	16.7
	15.4
	 
	 

	
	n503
	1.9
	1.4
	0.9
	0.4
	 
	 
	 
	 
	 
	 
	 
	 

	n71
	211
	4.6
	1.0
	0.7
	0.6
	 
	 
	 
	 
	 
	 
	 
	 

	
	212
	1.7
	1.0
	0.7
	0.6
	 
	 
	 
	 
	 
	 
	 
	 

	n71
	76,7
	14.6
	11.7
	10.1
	9
	 
	 
	 
	 
	 
	 
	 
	 

	66
	n482,13
	27.3
	24.4
	22.4
	21.2
	 
	 
	18
	17.1
	16.3
	15
	14.5
	14

	
	n483
	1.9
	1.4
	0.9
	0.4
	 
	 
	0
	0
	0
	0
	0
	0

	66
	n782,13
	 
	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
	 
	 
	 
	 
	 
	 
	 
	 

	n66
	482,13
	27.3
	24.4
	22.4
	21.2
	 
	 
	 
	 
	 
	 
	 
	 

	
	483
	1.9
	1.4
	0.9
	0.4
	 
	 
	 
	 
	 
	 
	 
	 

	71
	n784,5
	 
	10.4
	8.9
	7.8
	 
	 
	4.7
	3.7
	3
	1.7
	1.2
	0.7

	NOTE 1:
Void
NOTE 2:
The requirements should be verified for UL EARFCN or NR ARFCN of the aggressor (lower) band (superscript LB) such that 
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 with carrier frequency in the victim (higher) band in MHz and 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 the aggressor (lower) band for which the 5th transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.
NOTE 5:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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 with carrier frequency in the victim (higher) band in MHz and the channel bandwidth configured in the lower band.

NOTE 6:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.
NOTE 7:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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 with carrier frequency in the victim (higher) band in MHz and the channel bandwidth configured in the lower band.

NOTE 8:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band.
NOTE 9
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LBsuch that 
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 the channel bandwidth configured in the low band.
NOTE 10:
Applicable for the operations with 2 or 4 antenna ports supported in the band with carrier aggregation configured.

NOTE 11:
These requirements apply when the lower edge frequency of the 5 MHz uplink channel in Band 71 is located at or below 668 MHz and the downlink channel in Band 2 is located with its upper edge at 1990 MHz.

NOTE 12:
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 2 is located with its upper edge at 1990 MHz.

NOTE 13:
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 EN-DC band combination: ∆FHD = 10 MHz for DC_1_n77, DC_2_n48, DC_2_n77, DC_48_n66, DC_66_n48, DC_66_n77, DC_3_n77, DC_3_n78, DC_11_n28 and DC_28_n50
NOTE 14:
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 7.3.1 from TS 36.101-1 apply unless otherwise specified).


4.5	Applicability and test coverage rules


(1) The applicability and test coverage rules for Non-Standalone (NSA) only capable devices shall include the following:


(a) For each NR band in a device; test all the EN-DC exception test requirements as per test procedures in TS 38.521-3.


(b) Test all the EN-DC FR2 non-exception test requirements in TS 38.521-3 with test procedures which refer appropriately back to TS 38.521-2 [9] for each NR band. Test only one EN-DC combination per FR2 band for each EN-DC configuration as defined in clause 5.5B of TS 38.101-3 [4] using LTE anchor agnostic approach.


(c) Test all the EN-DC FR1 non-exception test requirements in TS 38.521-3 with test procedures which refer appropriately back to TS 38.521-1 [8] for each NR band. Test only one EN-DC combination per FR1 band for each EN-DC configuration as defined in clause 5.5B of 38.101-3 [4] using LTE anchor agnostic approach.


(2) The applicability and test coverage rules for Standalone (SA) and NSA capable devices shall include the following:


(a) For each NR band in a device, test all the EN-DC exception test requirements as per test procedures in TS 38.521-3.


(b) Test all the Standalone FR2 test requirements as per test procedures in TS 38.521-2 [9] for each NR band. This also fulfils coverage for all non-exception EN-DC FR2 test requirements for that NR band and need not be retested. If Standalone FR2 cannot be tested (due to test case not being complete), then test in EN-DC mode following (1)(b) above.


(c) Test all the Standalone FR1 test requirements as per test procedures in TS 38.521-1 [8] for each NR band. This also fulfils coverage for all non-exception EN-DC FR1 test requirements for that NR band and need not be retested. If Standalone FR1 cannot be tested (due to test case not being complete), then test in EN-DC mode following (1)(c) above.
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