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1.  Introduction
In RAN4#99-e, it was reported that some UEs showed largely improved MSD performance in 2 Band UL CA/DC in actual measurements [1]. In the last RAN-P, how to handle the issue, i.e., whether defining/sending a low MSD signal is feasible, was tasked to RAN4 [2].
As it is difficult for an operator to measure/evaluate a bare PA or PCB, the following discussion is based on possible phenomena contributing to low MSD caused by IMDn. Feedbacks (including corrections) are really welcomed to explore the argument of the group further.
2.  Discussion
The tasks given from RAN-P are as below (extracted from “Summary of RAN4 topics after RAN#92-e” by RAN4 chair): 
	· For improving MSD for CA and DC, the proposal #5 in RP-211595 was agreed
· RAN can task RAN4 to do study on the objectives below in Q3 and come back to RAN in September to decide how to handle the topic
· Study feasibility of defining “low MSD” for CA and DC band combinations
· Study the feasibility of specifying “low MSD” for CA/DC band combinations with MSD caused by H2/IM2/IM3. 
· One example band combination can be selected for feasibility study. 
· Discuss the capability signaling for network to distinguish UE with different MSD performance if RAN4 conclude specifying “low MSD” is feasible
· Discuss the way to introduce the ”low MSD” requirements and capability signaling in a release independent manner if RAN4 conclude specifying “low MSD” is feasible



2.1 Rationale for Low MSD indicator
Even for a combination of RB allocations expecting high MSD in 2 band ULs, the allocations can still be used harmlessly while Tx powers of 2 Band ULs remain sufficiently low (or expected reception level is high enough for the MSD). From the MSD value, a NodeB should/could estimate the level of Tx powers without problem for sensitivity. Huge deviation between MSD and actual UE performance (such as 20dB) could lead to a misjudgment of RBs to be allocated or not.
In other words, if a NodeB is impossible to utilize for appropriate scheduling, low MSD indicator would be meaningless.
[bookmark: _Hlk78798774][Observation-1] A NodeB is expected to utilize the low MSD indicator for scheduling RB combination under high MSD, with controlling Tx powers of 2UL. Otherwise, the low MSD indicator would be meaningless.

[bookmark: _Hlk75358039]2.2 Views on current MSD estimation
The notion of intercepting points (IPn) has been largely employed in the current MSD estimations, probably for pragmatic work load. This paper considers possible MSD variations in Tx aspects, mainly on Forward IMD of 2 band UL, as Rx aspects such as main-div antenna coupling assumption have been discussed a number of times. 
The following mechanism has been assumed for Forward IMD: Tx signal @ output of the PA of one band (aggressor) is coupled to the input of the PA of the other band (victim) and then amplified in the PA to generate IMD. 
In this case, there are two Tx elements dominating the MSD:
1)  Coupling loss between an aggressor band PA output and a victim band PA input,
2)  Gain of the victim band PA at an aggressor band Tx frequency.
In addition, IPn values used for estimation include some margins. Even within this simple approach, we can point out a couple of factors which could give some variations to the magnitude of MSD:

For 1), values used by vendors are 60-70dB but better values can be expected for at least some combinations since it is a matter of geometric (including electromagnetic effects) separation of two entities and most likely these values are based on pessimistic assumptions. Then even in the same UE, some combos might be suffered closer to the specified MSD while others not, largely up to PCB design or parts arrangements.
[bookmark: _Hlk78798824][bookmark: _Hlk78784278][bookmark: _Hlk78785185][Observation-2] Comparing to the MSD assumption, better coupling loss could be archived for some combos. 
For 2), the same gain as the supported Band (around 30dB) seems to be assumed for any aggressor bands but it is fairly unlikely taking necessary impedance matchings into consideration. As an extreme case, if the input circuit of a PA is completely mismatched in a certain aggressor frequency, there should be no IMD so no MSD due to the PA. At the same time, we cannot assume there is no gain in any unsupported frequency ranges so the gain and resulting IMD depend on the PA performance of given frequencies. Nowadays aggressor frequencies could span from 600MHz to 6GHz so it may not be practical to evaluate/control the gain or the degree of impedance matching of a certain band PA throughout the range. (The author is not sure if or to what extent the industry tries to control this aspect.) Again, most likely, in the same UE, some combos could exhibit low MSD while others not, depending on a choice of a PA. 
For the magnitude of Reverse IMD, it would also depend on a PA device used including impedance matching at PA out.
[bookmark: _Hlk78798867][bookmark: _Hlk78799778][Observation-3] Comparing to the MSD assumption, the impedance matching/PA gain at an aggressor frequency would be worse.
In addition, if inserted, HTF(Harmonic Trap Filter) might work positive depending on frequency relation.
All in all, in the level of basic Tx assumptions for MSD evaluation, there might be possible variations not considered (or, to be fair, not necessary to be considered in the minimum requirement context), probably on the order of 10dB, so there is no wonder if observed desense is also fluctuated on the similar level. In addition, the author guesses that low MSD could happen rather accidently, depending on the choices of circuit/PCB designers and the degree of desense could not be fixed until the circuit/PCB design is fixed. If this understanding is correct, low MSD combos would vary implementation by implementation. Furthermore, this implies that it is not always possible to determine low MSD combos during standardization process. From this standpoint, low MSD indication, to be defined in a later stage as UE capability, is a pragmatic approach to improve network performance or spectrum efficiency.
[bookmark: _Hlk78785558][bookmark: _Hlk78798932][Observation-4] The MSD fluctuations discussed here might differ implementation by implementation and be hard to estimate during standardization process or minimum requirement context.
[Observation-5] It looks pragmatic to define “low MSD” as a UE capability.

2.3 Comments on improving MSD
In the last RAN-P, if my understanding is correct, there was an argument that a clear MSD reduction method was needed to explore low MSD indication. As noted above, however, the author guesses that low MSD might come up rather stochastically, as a side-product of circuit design and parts characteristics (that should be primarily focused on the passband of a PA). If this is valid, low MSD phenomena does not always inspire a systematic approach to reduce MSD specified in the minimum requirement context. But,
[Observation-6] Having said that, as an operator, we will highly appreciate any efforts seeking for MSD improvement. 


3.  Conclusion
This paper is to discuss “low MSD” issues. The findings are:
[Observation-1] A NodeB is expected to utilize the low MSD indicator for scheduling RB combination under high MSD, with controlling Tx powers of 2UL. Otherwise, the low MSD indicator would be meaningless.
Comparing to the MSD assumption, the low MSD might come from: 
[Observation-2] Better coupling loss could be archived for some combos.
[Observation-3] The impedance matching/PA gain at an aggressor frequency would be worse.
[Observation-4] The MSD fluctuations discussed here might differ implementation by implementation and hard to estimate during standardization process or minimum requirement context.
Then,
[Observation-5] It looks pragmatic to define “low MSD” as a UE capability.
[Observation-6] Having said that, as an operator, we will highly appreciate any efforts seeking for MSD improvement. 
Reference
R4-2111492		MSD and real-world implications, T-Mobile USA, Deutsche Telekom, Verizon, CHTTL, AT&T, 
Dish Network                                                                                                                        
RP-211595		Email discussion summary for [92-e-05-Spectrum-WIs], Moderator (RAN4 Chair)



Page 2

