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1 Introduction

During RAN5-89e it was agreed that there is a need to have test coverage for EN-DC refsens testing when the RAN4 defined exception requirements are avoided [1]. Since there are many different types of exceptions it should be analyzed which ones would be the worst cases for the UE to avoid excessive test times.

Some of the endorsed proposals from [1] quoted for reference:

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 4b: Until next RAN5 meeting, analyze which of the exception types that necessitate testing for NR carrier in both standalone and EN-DC mode for a certain EN-DC configuration and which UL configuration that shall be configured (LTE UL, NR UL or LTE+NR UL)  

In this paper the different types of exceptions are analyzed, and it is proposed in which cases RAN5 should define test points for exception avoiding (also called MSD=0 test point).

The exception types defined by RAN4 covered here are:
1)
UL harmonic interference (HD)
2)
Receiver Harmonic Mixing (HM)

3)
Intermodulation due to Dual uplink (IMD)

4)
Cross band isolation (CBI)
2 Discussion
2.1 Single exception type per EN-DC configuration for 2CC

In general, the exceptions can be avoided by either not configuring (one of) the aggressor signal(s) or changing the test frequency so that the interferer falls outside the victim DL carrier. It is beneficial to keep the aggressors active and avoid the exception by configuring different test frequency as this most realistically reflects real operator deployments, which is already endorsed by RAN5 in proposal 4 in [1]. 
For the HD, HM and CBI exceptions the RAN4 spec is clear on that the exceptions apply when the interference conditions are fulfilled, and single carrier requirements (MSD=0) apply if the conditions are not fulfilled.

For IMD exceptions the RAN4 requirements are not as clear, and they can be interpreted such that no requirements at all apply outside the interference condition. However, it has been discussed in RAN5 before that this interpretation is too strict and single carrier requirements with MSD=0 shall apply in the case of anchor agnostic configuration where the LTE interferer is not present. Although this is possible to use for adding test coverage for MSD=0 in IMD affected configurations it is not preferrable since it does not reflect real deployments as already mentioned.  

The interference paths are presented in figure 1 below. 
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Figure 1: Visualization of interference paths for HD, HM and IMD exceptions for 2CC

Figure 1 shows the main interference path as a solid arc. In some situations there are also an interferer from the own band UL which is not part of the exception requirement but is something to be considered, which is shown as a dotted arc. To simplify the test points it is proposed that this is only considered for configurations where 2UL is mandatory.

In table 1 all the exceptions applicable for 2CC are listed and the need of MSD=0 test point is explained. Out of the 8 possible sub-scenarios that may happen, it can be seen that in 2 cases MSD=0 is not needed. In none of the cases the standalone test case for the affected victim band can be skipped. In other words, in 6 out of the 8 exception scenarios test time is increased due to additional MSD=0 test points.
Table 1: Proposed MSD=0 test points for the different exception types

	Scenario
	Aggressor
	Victim
	Frequency relation 
	Sub-scenario 1, 2
	Need of MSD=0 test point for SA+NSA UE
	UL config
	Possibility of skipping SA test for victim band

	UL harmonic interference (HD)
	Low band UL
	High band DL
	a*fUL_LB  = fDL_HB 
	HD>2 TDD or FDD 1UL allowed
	Yes
	1UL on low band (aggressor still active)
	No (no UL in victim band)

	
	
	
	
	HD>2 FDD
	Yes
	2UL
	No (higher transmit power for SA)

	
	
	
	
	HD2
	No since MSD is small (<1 dB)
	
	-

	Receiver Harmonic Mixing (HM)
	Low band DL LO and High band UL
	Low band DL
	b*fDL_LB  + c*fUL_HB = fDL_LB
	TDD or FDD 1UL allowed
	Yes
	1UL on high band (aggressor still active)

	No (no UL in victim band)

	
	
	
	
	FDD
	Yes
	2UL
	No (higher transmit power for SA)

	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 
	
	Yes
	2UL
	No (higher transmit power for SA)

	Cross band isolation (CBI)
	UL on other than victim band
	DL
	
	MSD for any separation
	No since this is very similar to SA test
	1UL on victim band
	-

	
	
	
	
	MSD if separation is large
	Yes
	1UL 
	No (no UL in victim band)

	Note 1: FDD/TDD relates to the victim band duplex mode 

Note 2: “1UL allowed” relates to configurations when single Tx UE is allowed.


2.2 Setting test frequency for exception avoiding test point

The test frequency formula for when the exception applies is defined by RAN4 for HD, HM and IMD in 38.101-3 and the exception typically applies “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”

For IMD RAN4 has chosen not to define the formula in 38.101-3 but only the IM order and exact frequency to use for the exception, the formula can instead be found in TR37.863.
To calculate the test frequency that shall ensure MSD=0 the bandwidth of the interference also needs to be calculated. Fortunately, also this calculation can be found in TR37.863 
Example self-interference analysis from TR37.863-01-01 (DC_1A_n77A):
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EUTRA - NR  DC   Configuration  EUTRA/ NR   Band  UL   Coefficient  DL   Coefficient  Harmonic/IM D   Order  Victim   Band  Interference   Type  

DC_1A_n77A  1  a  - 1  b  - 1  2  1  IMD  

n77  c  1  d  0  

DC_1A_n77A  1  a  3  b  - 1  4  1  IMD  

n77  c  - 1  d  0  

DC_1A_n77A  1  a  - 3  b  - 1  5  1  IMD  

n77  c  2  d  0  

DC_1A_n77A  1  a  2  b  0  2  n77  Harmonic  

n77  c  0  d  - 1  

  Equations ( 6.1.6. 1) and ( 6.1.6. 2) below are used to calculate the  interference center frequency ( f INT ) and its effective  bandwidth ( BW INT ) where coefficients a, b, c, and d are defined in Table 6.1.6 - 1 and  CBW   stands for channel bandwidth.    
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The above TR37.863 analysis resulted in the following requirements in 38.101-3 for DC_1A_n77A.

Table 7.3B.2.3.1-1: Reference sensitivity exceptions (MSD) due to UL harmonic for EN-DC in NR FR1

	E-UTRA or NR Band / Channel bandwidth of the affected DL band / MSD

	UL band
	DL band
	5 MHz

(dB)
	10 MHz

(dB)
	15 MHz

(dB)
	20 MHz

(dB)
	25 MHz

(dB)
	30 MHz (dB)
	40 MHz

(dB)
	50 MHz

(dB)
	60 MHz

(dB)
	80 MHz

(dB)
	90 MHz

(dB)
	100 MHz

(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
	
	
	
	
	
	
	
	

	...

	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.
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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, DC_28_n51, DC_66_n78.
….


Table 7.3B.2.3.5.1-1: MSD test points for PCell due to dual uplink operation for EN-DC in NR FR1 (two bands)

	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)
	IMD order

	…

	DC_1A_n77A,

DC_1A_SUL_n77A-n84A,

DC_1A_n77(2A),
	1
	1950
	5
	25
	2140
	29.8
	IMD23

	
	
	
	
	
	
	32.54
	

	
	n77
	4090
	10
	50
	4090
	N/A
	N/A

	DC_1A_n77A,

DC_1A_SUL_n77A-n84A,
DC_1A_n77(2A),
DC_1A_n78A,

DC_1A_SUL_n78A-n84A,

DC_1A_n78(2A)
	1
	1950
	5
	25
	2140
	8.0
	IMD43

	
	
	
	
	
	
	10.74
	

	
	n77, n78
	3710
	10
	50
	3710
	N/A
	N/A

	…

	NOTE 1:
Both of the transmitters shall be set min(+20 dBm, PCMAX_L,c) as defined in clause 6.2.5A.

NOTE 2:
RBstart = 0
NOTE 3:
This band is subject to IMD5 also which MSD is not specified.

NOTE 4:
Applicable only if operation with 4 antenna ports is supported in the band with EN-DC configured.

NOTE 5:
Void
NOTE 6: 
For NR band, UL/DL BW and UL LCRB can be adjusted according to the supported BW and lowest SCS supported by the UE.


The TR37.863 information above means we can now calculate how much the test frequency need to change to avoid overlapping of interference and the victim carrier (|FINT|≥(BWINT+BWvictim)/2). 
Test frequency selection for the DC_1A_n77A example can then be chosen as:

Table 2: Test frequency calculation for DC_1A_n77A HD

	Scenario
	Aggressor frequency
	Bandwidth
	BWINT
	FINT 
	Victim frequency

	
	B1 UL
	B1 DL
	B1
	Bn77
	
	Minimum |FINT| for avoiding overlap (miss)

|FINT|≥(BWINT+BWvictim)/2
	Actual FINT 
	Bn77

	HD2 hit
	1950 (Mid)
	2140 (Mid)
	20
	100
	
	
	2*1950-1*3900 = 0
	3900

	HD2 miss
	1950 (Mid)
	2140 (Mid)
	20
	20
	2*20
	(40+20)/2 = 30 
	2*1950-1*3870 = 30 
	3900-30 = 3870

	Note:

In the case of HD2 miss, RAN4 have defined a small MSD (0.3 dB).

For other HD cases RAN5 can calculate the frequency offset using the same formula and apply MSD=0.


Table 3: Test frequency calculation for DC_1A_n77A IMD

	Scenario
	Aggressor frequency
	Bandwidth
	BWINT
	FINT 
	Victim frequency

	
	B1 UL
	Bn77
	B1
	Bn77
	
	Minimum |FINT| for avoiding overlap (miss)

|FINT|≥(BWINT+BWvictim)/2
	Actual FINT 
	B1 DL

	IMD2 hit
	1950
	4090
	5
	10
	
	
	-1*1950-1*2140+1*4090 = 0
	2140 

	IMD2 miss
	1950 -10 
	4090
	5
	10
	1*5+1*10 = 15
	(15+5)/2=10
	-1*1940-1*2130+1*4090 = -20
	2140 - 10

	IMD4 hit
	1950
	3710
	5
	10
	
	
	3*1950-1*2140-1*3710 = 0
	2140 

	IMD4 miss
	1950 -10
	3710
	5
	10
	1*5+1*10 = 15
	(15+5)/2=10
	3*1940-1*2130-1*3710 = -20
	2140 - 10

	IMD5 hit (Note)
	1930
	3955
	
	
	
	
	-3*1930-1*2120-1*3955 = 0
	2120

	IMD5 miss
	1930 (Low)
	3955-60
	20
	20
	3*20+2*20 = 100
	(100+20)/2 = 60
	-3*1930-1*2120-1*3895 = -120
	2120



	Note: RAN4 have not defined any MSD for this case (Table 7.3B.2.3.5.1-1 note 3) so can’t be tested


After calculating the test point for avoiding IMD, it needs to be checked that this does not mean that any harmonic issue appears again. For IMD 2/4/5 miss in table 3 the 2nd harmonic is 210/170/35 MHz away from the victim band meaning it is not overlapping. 
2.3 IMD exception for 3CC

Only IMD exceptions actively involving 3 bands are covered in 3CC test cases since the other exceptions can be tested in the 2CC test case. It is common that the 3CC configurations have multiple different IMD cases depending on UL configuration, as indicated in figure 2 below.
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Figure 2: Visualization of interference paths for IMD exceptions for 3CC

For the same reason as testing MSD=0 case in 2CC IMD it is reasonable to test MSD=0 also for 3CC IMD. However, the number of 3CC interband configurations with IMD is large resulting in large impact on test time if all MSD = 0 cases are tested. 
On the other hand, it is common with multiple 3-band IMD cases per UL configuration where all of them can be avoided by adding one single test point. 
2.4 Multiple exceptions per EN-DC configuration
So far only scenarios with a single exception has been discussed. In many EN-DC configurations there are multiple exceptions of same or different type. In such cases not all the exception avoiding test points apply.

HD+HM: 

· By configuring 2UL it is possible to create a single TP that avoids both exceptions

· For single Tx UE, 2 TPs may be needed though (except for HD2)

· 1-2 extra TP required for covering MSD=0
HD+IMD: 

· it is possible to create a single TP that avoids both exceptions
· 1 extra TP required for covering MSD=0
HD+HM+IMD: 

· it is possible to create a single TP that avoids all exceptions
· 1 extra TP required for covering MSD=0
CBI+IMD:

· MSD = 0 can only be achieved with 1UL

· 0 extra TP  required for covering MSD=0 in most cases 
Multiple IMD 2-band:
· If there are multiple IMD affecting the same victim band it is reasonable to only test the worst one (largest MSD)

· 1-2 extra TP required for covering MSD=0 in 2CC test case
Multiple IMD 3-band:

· If there is IMD for both UL configurations (selecting 2UL among 3 bands gives two cases), both should be tested

· For a specific UL configuration, if there are multiple IMD affecting the same victim band it is reasonable to only test the worst one (largest MSD)
· 1-[4] extra TP required for covering MSD=0 in 3CC test case
3 Impact on existing EN-DC configurations

When adding test points according to this paper for the nine completed 2CC inter-band configurations in TR38.905 V16.6.0 it results in an increase from 17 to 25 test points.
When adding test points according to this paper for the six completed 3CC inter-band configurations in TR38.905 V16.6.0 it results in an increase from 9 to 17 test points.
This is reasonable increase in test time considering the value it adds in better test coverage testing scenarios that are more likely to be depolyed. 
4 Proposals
Proposal 1: Apply the rules from clause 2.1 table 1 for deciding test coverage with MSD=0 in 2CC inter-band refsens test case and include in TR38.905.
Proposal 2: In same way as for 2CC IMD, add also MSD=0 test coverage in 3CC inter-band refsens test case (when 3-band IMD exist) and include in TR38.905.

Proposal 3: Add test points with MSD=0 for HD, HM and CBI cases in 38.905 and 38.521-3 at present RAN5 meeting (RAN5-90e)
Proposal 4: The test points with MSD=0 for IMD to be included at next RAN5 meeting (RAN5-91e) following the test frequency calculation in clause 2.2.
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