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Introduction
At RAN4#98-bis-e meeting [1], an LS was received from RAN5 regarding the applicability of EN-DC REFSENS requirements with no MSD in a 2UL IMD scenario. 
Since then, the LS has been discussed and some agreements have been made. However, there are still some open items preventing a complete reply to the RAN5 LS.
The LS contained 2 questions, where RAN4 during RAN4#100-e reached agreement on the first question (Sub-topic 6-1) [3]
[image: ]
The remaining issue is the answer to the second question (Sub-topic 6-2) where 2 alternative answers are under discussion [3]
[image: ]

This paper discusses Sub-topic 6-2 and a necessary re-wording of the two alternative answers to enable the answer to the RAN5 LS be more accurate.

Discussion on the answer to second question in the RAN5 LS
As indicated in section 2, there are two distinct options on how to answer question 2 in the LS (Answer1 or Answer 2). RAN4 need to more clearly define what the two options really mean and select one of them.
Answer 1:
The phrase “However, RAN4 is seeking RAN5 input whether it is meaningful to do this analysis” is ambiguous. In our interpretation it intends to say that RAN4 can make the analysis but need confirmation from RAN5 if it is worth the effort. However, RAN5 have already indicated that it is meaningful by sending the LS. Therefore, it is not appropriate to send this back to RAN5 again. 
If removing that phrase from Answer 1, what remains is a contradiction to the already agreed answer to Q1. 
Observation 1: To specify that SA requirement applies without indicating exactly when, is an incomplete requirement and the same as no requirement at all in practice.
Instead of removing the phrase from Answer 1, it can be re-formulated as suggested below to make is more comprehendible.
Proposal 1: Re-word Answer 1 as: 
· Answer 1: In RAN4 specs, no general criteria is defined 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). RAN4 will work on defining the criterias that need to be fulfilledHowever, RAN4 is seeking RAN5 input whether it is meaningful to do this analysis.
Observation 2: In case of 2nd Harmonics, RAN4 have already defined the criteria for the case where the interferers fall just outside the victim DL carrier and added this as a new MSD requirement in 38.101-3 where MSD is very low (0.3 to 0.5 dB for 20 MHz BW). This means that for HD2 there is already test coverage for miss case. 
Answer 1 Option 1: To limit the amount of work, RAN4 could select only IMD cases with >[5-10] dB MSD and define a low MSD requirement (in the order of 0.5 dB as for HD2) for those. In 38.101-3 V17.2.0 Table 7.3B.2.3.5.1-1 there are 92 band combinations with 2-band IMD, but only 51 of those have >10 dB MSD. 
For smaller MSD, the network can assume that the impact of MSD is marginal, if any, when the for the case when the IMD falls just outside the wanted channel.
Answer 1 Option 2: To limit the amount of work, RAN4 will not address all the configurations affected by IMD. Use a contribution driven approach to address only the most urgent cases. The work will include a CR to TR38.863 series for each band-combination to prove that there is no interference in the chosen frequency, together with a CR to 38.101-3 adding a new low (in the order of 0.5 dB as for HD2) MSD requirement.
Proposal 2 (applicable if answer 1 is selected): When RAN4 work on defining criterias for no interference overlap, it is beneficial to take the opportunity to analyze if some identified MSD cases in current version of 38.101-3 are not needed
Answer 2:
The phrase “However, whether it is meaningful to do this analysis is up to RAN5.” does not contain sufficient information for RAN5 to be able to make the analysis. RAN5 have little prior experience in such analysis which is traditionally done in RAN4. It is therefore desireable to assist RAN5 with some additional information on how to perform the analysis. This includes indication of the exact interferer cases that need to be checked.
The TR series 37.863 etc contains the co-existence studies per band combination which RAN4 have used when deriving the exceptions. As part of these studies, the applicable interferers are identified under sub-clause x.y.3 “Co-existence studies”. Only the interferers that fall into the victim DL carrier of the EN-DC configuration need to be further checked, which are in most cases summarised in the sub-clause x.y.6 “Self-interference analysis”. 
There are cases where the TS 38.101-3 have been updated with new interferer cases with associated MSD without an update of the 37.863 series TR. One such example is 2nd harmonic mixing for DC_3A-n77A/78A. Hence it is not sufficient to solely base the analysis on the TR, RAN5 need to check more interferer cases. There is also a need to compare against the TS to ensure it is aligned. 
The work-flow for performing the analysis in RAN5 is described below. If Answer 2 is selected, these guidelines should be included in the LS reply to RAN5.
Step 1:
The following set of interference cases need to be included in the analysis:
· 2nd harmonics (2*fx)
· 3rd harmonics (3*fx)
· 4th harmonics (4*fx)
· 5th harmonics (5*fx)
· Two tone 2nd order IMD products (fx – fy)
· Two-tone 3rd order IMD products (2*fx ± fy)
· Two-tone 4th order IMD products (3*fx ± 1*fy, 2*fx - 2*fy)
· Two-tone 5th order IMD products (1*fx ± 4*fy, 2*fx ± 3*fy)
· 2nd order harmonic mixing (1*fx ± 1*fy)
· 3rd order harmonic mixing (2*fx - 1*fy, 1*fx - 2*fy)
· 4th order harmonic mixing 
· 5th order harmonic mixing (4*fx - 1*fy)
· Cross band isolation

Step 2: 
Once the interference types have been identified, there is a need to calculate if there is any possibility it will fall into any victim DL band of the EN-DC configuration.
Step3: 
For the interference cases identified in step 2, there is a need to calculate the test frequencies that result in the interferer to fall outside the victim DL carrier. In this step the following formulas can be used (taken from TR37.863).
 Equations (6.1.6.1) and (6.1.6.2) below are used to calculate the interference center frequency (fINT) and its effective bandwidth (BWINT) where coefficients a, b, c, and d are defined in Table 6.1.6-1 and CBW stands for channel bandwidth.

		(6.1.6.1)

		(6.1.6.2)
Formula (3-1) and (3-2) below are then used to indicate when the interference is overlapping with RX1 and RX2, respectively.

		(6.1.6.3-1)

		(6.1.6.3-2)
It is worth noting that there will be cases where it is not possible to find an MSD=0 test point, for example where there are cross band isolation problems, or the victim band is narrow.
Step 4: 
Check that there is no other exception in 38.101-3 clause 7.3B affecting the analyzed EN-DC configuration. 
Proposal 3 (applicable if answer 2 is selected): Indicate to RAN5 the exact interferer cases that need to be checked for no overlap, and also the formulas for calculation of test frequencies. This will define the criterias that RAN5 was asking for. This can be indicated in the LS reply and need not be put in the RAN4 TS 38.101-3. 
Some words on the necessity for this (reason why RAN5 sent the LS)
It is useful to re-iterate the reason why testing without MSD for 2UL IMD cases is essential. 
In addition to EN-DC that is under discussion at the moment, it is also relevant to consider NR UL CA.  For NR UL CA there are no requirements other than the MSD requirements. In the absence of any verification when IMD does not occur, it is even more important to include requirements when the IMD falls just outside the wanted channel, particulary if the MSD is large.
Proposal 5: RAN4 to pursue the same approach agreed for EN-DC also for NR UL CA
The justification provided below is based on the RAN5 paper in [4] which eventually resulted in the LS from RAN5 [1]. 
Deployment considerations
For operations with EN-DC or NR UL CA 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 or intermodulation exceptions are not allowed, particularly for cases in which the IMD is large.
UE considerations
To test 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 a negative 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.


Summary
 Three options have been listed in this paper regarding question 2 in the RAN5 LS:
1. Answer 1 Option 1: To limit the amount of work, RAN4 could select only IMD cases with >10 dB MSD and define a low MSD requirement (in the order of 0.5 dB as for HD2) for those. 
2. Answer 1 Option 2: To limit the amount of work, RAN4 will not address all the configurations affected by IMD. Use a contribution driven approach to address only the most urgent cases. 
3. Answer 2: Indicate to RAN5 in the LS reply the exact interferer cases that need to be checked for no overlap, and also the formulas for calculation of test frequencies. This will define the criterias that RAN5 was asking for. 

Considering the workload in both RAN4 and RAN5 groups, Answer 1 Option 2 is the best option that will require least amount of additional work.
Proposal 4: Select Answer 1 Option 2 to define the criterias and associated MSD for no interference overlap in RAN4 specs using contribution driven/best effort approach.
Proposal 5: RAN4 to pursue the same approach agreed for EN-DC also for NR UL CA
Proposals
Proposal 1: Re-word Answer 1 to state that RAN4 will work on defining criterias for MSD = 0.
Proposal 2 (applicable if answer 1 is selected): When RAN4 work on defining criterias for no interference overlap, it is beneficial to take the opportunity to analyze if some identified MSD cases in current version of 38.101-3 are not needed
Proposal 3 (applicable if answer 2 is selected): Indicate to RAN5 the exact interferer cases that need to be checked for no overlap, and also the formulas for calculation of test frequencies. This will define the criterias that RAN5 was asking for. This can be indicated in the LS reply and need not be put in the RAN4 TS 38.101-3. 
Proposal 4: Select Answer 1 Option 2 to define the criterias and associated MSD for no interference overlap in RAN4 specs using contribution driven/best effort approach.
Proposal 5: RAN4 to pursue the same approach agreed for EN-DC also for NR UL CA
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Annex A: Example analysis for MSD= 0 dB (DC_3A-n78A)
This is an example analysis required for a band combination with 2UL IMD to be performed by RAN4 (if Answer 1 is selected) and documented in TR37.863-01-01 or by RAN5 (if Answer 2 is selected) and documented in TR38.905. 
STEP 1 (interference cases):
For Harmonics and IMD, the analysis in TR37.863 can be re-used directly
Harmonic mixing is analyzed in Table A-1. 
Table A-1: Band 3 and Band n78 harmonic mixing products
	UE UL carriers
	fx_low
	fx_high
	fy_low
	fy_high

	UL frequency (MHz)
	1710
	1785
	3300
	3800

	DL frequency (MHz)
	1805
	1880
	
	

	2nd order Harmonic mixing products
	|fy_low – fx_high|
	|fy_high – fx_low|
	
	

	frequency limits (MHz)
	1420
	1920
	
	

	3rd order Harmonic mixing products
	|2*fx_low – fy_high|
	|2*fx_high – fy_low|
	|2*fy_low – fx_high|
	|2*fy_high – fx_low|

	frequency limits (MHz)
	190
	460
	4720
	5795

	4th order Harmonic mixing products
	|3*fx_low –1* fy_high|
	|3*fx_high – 1*fy_low|
	|3*fy_low – 1*fx_high|
	|3*fy_high – 1*fx_low|

	frequency limits (MHz)
	1615
	2340
	8020
	9595

	4th order Harmonic mixing products
	|2*fx_low –2* fy_high|
	|2*fx_high –2* fy_low|
	
	

	frequency limits (MHz)
	3990
	2840
	
	

	5th order Harmonic mixing products
	|fx_low – 4*fy_high|
	|fx_high – 4*fy_low|
	|fy_low – 4*fx_high|
	|fy_high – 4*fx_low|

	frequency limits (MHz)
	13395
	11320
	4220
	3420



2nd and 4th order harmonic mixing are affecting the victim band 3. In 38.101-3 there is an MSD defined for 2nd order, but not for 4th order. 
There is no cross-band isolation problem in this config
STEP 2 (the interferer cases that may fall into victim band and cause MSD):
Table A-1: Band 3 and Band n78 interference mixing coefficients
	EUTRA-NR DC
Configuration
	EUTRA/NR
Band
	UL
Coefficient
	DL
Coefficient
	Harmonic/IMD
Order
	Victim
Band
	Interference
Type

	DC_3A_n78A
	3
	a
	-1
	b
	-1
	2
	3
	IMD

	
	n78
	c
	1
	d
	0
	
	
	

	DC_3A_n78A
	3
	a
	3
	b
	-1
	4
	3
	IMD

	
	n78
	c
	-1
	d
	0
	
	
	

	DC_3A_n78A
	3
	a
	-3
	b
	-1
	5
	3
	IMD

	
	n78
	c
	2
	d
	0
	
	
	

	DC_3A_n78A
	3
	a
	2
	b
	0
	2
	n78
	Harmonic

	
	n78
	c
	0
	d
	-1
	
	
	

	DC_3A_n78A
	3
	a
	0
	b
	2
	2
	3
	Harmonic Mixing

	
	n78
	c
	-1
	d
	0
	
	
	

	DC_3A_n78A
	3
	a
	0
	b
	4
	4
	3
	Harmonic Mixing

	
	n78
	c
	-1
	d
	0
	
	
	



Note: The red marked rows in Table A-1 above are missing in TR37.863-01-01.
STEP3 (calculate the test frequencies that result in the interferer to fall outside the victim DL carrier):
Table A-2: Band 3 and Band n78 overlapping interference analysis for a selected test frequency
	
	Freq
	CBW
	BWint
(a*CBWTX1+c*CBWTX2)
	fint
(a*fTX1+b*fRX1+c*fTX2+d*fRX2)
	Fint
(BWint+CBWRX1)/2

	
	B3 UL
	B3 DL
	N78
	B3
	N78
	
	
	

	IMD2
	1747.5 (Mid)
	1842.5 (Mid)
	3465
	20 MHz
	20 MHz
	40
	-125
	(40+20)/2=30

	IMD4
	
	
	
	
	
	80
	-65
	(80+20)/2=50

	IMD5
	
	
	
	
	
	100
	-155
	(100+20)/2=60

	HD2
	
	
	
	
	
	40
	30
	(40+20)/2=30

	HM2
	
	
	
	
	
	20
	220
	(20+20)/2=20

	HM4
	
	
	
	
	
	20
	3905
	(20+20)/2=20

	Note: HD2 with fint = 30 is specified in TS38.101-3 with a small MSD despite no overlapping interference. 



STEP4 (Check that there is no other exception in 38.101-3 clause 7.3B affecting the analyzed EN-DC configuration).
	No other exception requirement other than what is identified above is found in TS38.101-3 V17.2.0
Result of the analysis: 
With the test frequencies defined in table A-2 above, it has been shown that there is no overlapping interference since fint≥Fint. However, HD2 with fint = 30 is specified in TS38.101-3 Table 7.3B.2.3.1-1 under Note 3 with a small MSD of 0.3 dB despite no overlapping interference. Test coverage for 2UL IMD avoidance with 2UL active can be added in RAN5 TS 
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Sub - topic 6 - 1: For clarification on Q1: If the  EN - DC IMD exceptions are applicable only when the IMD product falls into  the victim carrier, and if SA requirements apply otherwise in the case of 2UL.   Agreements      Answer:  Yes, SA requirements shall be applied for dual UL carrier frequency combinations when   no IMD  product (up to 5th orders) falls into the victim ’ s Rx CBW and no other desensitization components are present,  i.e. due to 1) harmonics (UL harmonic or Receiver harmonic mixing), 2) cross - band isolation, 3) counter - intermodulation (C - IM).  
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Sub - topic   6 - 2: Clarify the criteria that need to be fulfilled in order for MSD=0 to apply.   Proposals      Answer 1: In RAN4 specs, no general criteria is defined 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). However, RAN4 is  seeking RAN5 input whether it is meaningful to   do this analysis.      Answer 2: MSD=0 could be only applied when carrier frequencies and bandwidths are selected for each active  UL band such that there is no any interference falling into Rx CBW under all the conditions in Question 1.  However, whether it is  meaningful to do this analysis is up to RAN5.   WF      Further discuss based on above two alternative answers, other wordings are not precluded.   A reply LS to RAN5 is expected to be agreed at the next meeting  
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