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1 Introduction

At RAN4#98-bis-e meeting, an LS was received from RAN5 regarding the clarification on exception requirements for Intermodulation due to Dual uplink (IMD) [1]. How to reply the LS has been discussed for several meeting in RAN4, but no final consensus was reached. The latest progress can be found in the chairman report of RAN4#100e, which are reproduced as follow.

	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).
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


This contribution continues to discuss the reply LS based on the above progress.
2 Discussion
Based on the LS from RAN5, the reason to ask clarification is that for harmonic interference exceptions, it is clear to specify when the exception apply by using specific Note such as Note 4, but there is no such similar statement for intermodulation case due to Dual uplink. 

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.
If we look at the current spec, the structure for defining REFENSE requirements for EN-DC can be concluded as the following figure.
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Figure 1, the structure for defining REFENSE requirements for EN-DC
From the figure, it can be seen both cross-band isolation and intermodulation requirements have no clear statement on when exception doesn’t apply, i.e. no clear MSD=0 criteria. We think that is because identified MSD=0 case for those exceptions requirements is not an easy work. For cross band isolation, the similar concept of frequency gap should be introduced if MSD=0 case is considered and it has to be case by case for each involved band combination. For intermodulation due to 2UL, multiple orders of intermodulation product should be checked whether they fall on DL carrier if MSD=0 case, unlike harmonic or harmonic mixing case where it is enough only one order harmonic is checked for each band combination. Besides, from current spec, many band combinations that having IMD issue also have cross-band isolation issues such as DC_1_n3, DC_3_n1, DC_3_n41, DC_7-n40, DC_41_n3, DC_7_n77 and so on. Consequently, MSD=0 case could not even identified by checking whether the IMD product falls into DL carrier or not by only using the equation defined in TR 37.863 [2] for those band combinations since the equation could not reflect the cross isolation issue. It should be noted band combinations that having harmonic issue or harmonic mixing issue could not having cross-band isolation issue.
Observation 1: in current spec, both cross-band isolation and intermodulation requirements have no clear statement on when exception doesn’t apply, i.e. no clear MSD=0 criteria.
Observation 2: for intermodulation due to 2UL, multiple orders of intermodulation product should be checked whether they fall on DL carrier if MSD=0 case, unlike harmonic or harmonic mixing case where it is enough only one order harmonic is checked for each band combination.
Observation 3: many band combinations that having IMD issue also have cross-band isolation issues such as DC_1_n3, DC_3_n1, DC_3_n41, DC_7-n40, DC_41_n3, DC_7_n77 and so on, while band combinations that having harmonic issue or harmonic mixing issue could not having cross-band isolation issue.
Observation 4: MSD=0 case could not even identified by checking whether the IMD product falls into DL carrier or not by only using the equation defined in TR 37.863 for some band combinations since the equation could not reflect the cross isolation issue.
From above observations, it can be seen that the IMD issue should be treat differently from harmonic issue in term of identifying MSD=0 case. For the answer on clarification Q2. We think both tentative answer 1 and 2 are reasonable and don’t contradict each other. Answer 1 is aligned with current status in RAN4 spec, while Answer 2 is more consistent with the agreed answer for Q1.
3 Conclusion

Based on the analysis, we give the observations as follow and the reply LS in the annex.
Observation 1: in current spec, both cross-band isolation and intermodulation requirements have no clear statement on when exception doesn’t apply, i.e. no clear MSD=0 criteria.

Observation 2: for intermodulation due to 2UL, multiple orders of intermodulation product should be checked whether they fall on DL carrier if MSD=0 case, unlike harmonic or harmonic mixing case where it is enough only one order harmonic is checked for each band combination.
Observation 3: many band combinations that having IMD issue also have cross-band isolation issues such as DC_1_n3, DC_3_n1, DC_3_n41, DC_7-n40, DC_41_n3, DC_7_n77 and so on, while band combinations that having harmonic issue or harmonic mixing issue could not having cross-band isolation issue.
Observation 4: MSD=0 case could not even identified by checking whether the IMD product falls into DL carrier or not by using the equation defined in TR 37.863 for some band combinations since the equation could not reflect the cross isolation issue.

From above observations, it can be seen that the IMD issue should be treat differently from harmonic issue in term of identifying MSD=0 case. For the answer on clarification Q2. We think both tentative answer 1 and 2 are reasonable and don’t contradict each other. Answer 1 is aligned with current status in RAN4 spec, while Answer 2 is more consistent with the agreed answer for Q1.
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1
Overall description

RAN4 thanks RAN5 for the LS in R5-211609 on exception requirements for Intermodulation due to dual uplink (IMD). RAN4 has discussed the clarifications in the LS and would like to answer to RAN5 as follow:
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.

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).

Clarification on Q2: Clarify the criteria that need to be fulfilled in order for MSD=0 to apply.
Answer: 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.
2
Actions

To TSG RAN WG5 

ACTION: 
RAN4 respectfully asks RAN5 to take account the above RAN4 information.
3
Dates of next TSG-RAN WG4 meetings

TSG-RAN4 Meeting#101-bis-e 
   17st – 25th Jan 2022
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