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1. Introduction
A new WI was approved in RAN#95 meeting while further revised in RAN#96 as [1], including the objective of investigating the feasibility of Lower MSD for inter-band CA/EN-DC/DC combinations, targeting on study how the actual conductive MSD behaves and how to define the capability. Particularly, in this paper, we would like to share our views on below two aspects:
· Select a limited set of band combinations (2-4 combinations) to cover all types of MSD (harmonic, harmonic mixing, IMD and cross band isolation)
· Study the feasibility of and options for allowing a UE to signal improved lower MSD performance capability for combinations where MSD is allowed
2. Discussion
MSD values in current spec are derived based on some common (conservative) parameters assumption, including PCB isolation, duplexer attenuation, the front-end filtering rejection, PA forward/reverse IP2/IP3 etc. It has been observed that certain MSD even exceed 30dB for some band combinations with certain UL/DL configuration and test points, however, the specified MSD cannot reflect the actual behaviour/performance of the UE. As a result, operators will have concern when having these combinations deployed with certain UL/DL configurations, the worst case would be the network would rarely configure the combos with significant MSD in any case regardless of how the actual MSD behaves.
On the other hand, some conductive and OTA measurement data of the commercial UEs have shown that there is no MSD or only minimal MSD for some combinations with certain configuration [2~6]. The factors contribute to the better performance including adopting better-performance and high-integrated chipsets, higher PCB isolation, higher antenna isolation etc.
Observation 1: The specified MSD cannot reflect UE’s actual MSD behaviour/performance, lower MSD is realistic for some high-performance UE for some band combinations.
Observation 2: The factors contribute to the higher UE performance including adopting better-performance and high-integrated chipsets, higher PCB isolation, higher antenna isolation etc.
As discussed in previous meetings, it is almost common understanding that the Lower MSD capability shall be optional and the requirements should be defined as supplemental capability signalling-based requirements. The “Lower MSD” UE and the “Minimum requirement MSD” UE with different MSD performance/behaviours might be treated differently in the network. The network benefit of this capability is illustrated in our paper R4-2212009.
Observation 3: Different UEs with different MSD performance/ behaviours might be treated differently in the network, the network benefit of this capability is illustrated in our paper R4-2212009.
2.1 Example band combinations
According to previous inputs, several examples show lower MSD in practical conductive/OTA measurement but high MSD in specification. e.g.
· DC between band 2 and 71 due to harmonic and harmonic mixing
· CA and DC between band 2/3 and 77/78 due to harmonic and IMD
· CA and DC between band 3 and 1 due to IMD
The CA and DC between band 2/3(1.8/19GHz) and 77/78(3.5GHz) are widely deployed combinations worldwide, the interference type they suffered including harmonic, harmonic mixing and IMD (IMD 2/4/5/7).
Proposal 1: CA and DC between band 2/3(1.8/1.9GHz) and n77/n78 (3.5GHz) are suitable candidates for example band combinations.
Currently PC2 has been introduced to inter-band UL NR CA and EN-DC, and PC1.5 has been introduced to inter-band DL NRCA. Below table is the comparison of different power classes in terms of MSD due to harmonic/harmonic mixing, IMD due to dual UL and cross band isolation.
	　Type
	Interference type(MSD due to)
	PC3
	PC2
	PC1.5

	NRCA (38.101-1)
	Harmonic 
	√
	×
	×

	
	Harmonic mixing
	√
	√
	√

	
	IMD
	√
	√
	×

	
	Cross band isolation
	√
	√
	√

	ENDC (38.101-3)
	Harmonic 
	√
	×
	×

	
	Harmonic mixing
	√
	√
	×

	
	IMD
	√
	√
	×

	
	Cross band isolation
	√
	√
	×



For MSD due to harmonic, currently only the harmonic from a PC3 aggressor band has been specified since the harmonic is usually interference from a low band (FDD) UL falling into a higher band (TDD) DL, while requirements for single PC2 FDD bands have just been completed in Rel-17 for example band n1 and n3.
From our observation: regarding MSD due to IMD, PC2 could allow more than 10dB larger MSD than PC3 for some combos; while for harmonic mixing and cross band isolation, the delta between PC1.5 and PC2, PC2 and PC3 is almost less than 3dB. While for PC3, there are also many combos with large MSD values specified, and for some region/country HPUE is not allowed. Hence, both PC2 and PC3 combinations could be considered as example band combinations.
Observation 4: Both PC2 and PC3 band combinations could be considered as example band combination.
2.2 Lower MSD capability threshold 
In current specs, the MSD is defined as per source for each band within the band combination with specific configuration and test points, thus it is convenient and reasonable to define the Lower MSD capability threshold(s) as per source (harmonic/harmonic mixing, IMD, cross band isolation), given that the UL/DL configuration and test points could be re-used to save the workload of the group. 
Proposal 2: It is proposed that the Lower MSD capability threshold(s) is(are) defined as per interference source under the same settings of the UL/DL configuration and test points as in the current specifications .
In theory, different orders of each interference type could adopt different threshold(s). Different or same threshold(s) may also depend on how many Lower MSD capability class per source we defined. For example, if for each interference source we define two Lower MSD capability classes (Such as H and L with different thresholds, H represents higher capability class and L represents relative lower capability class), same thresholds shared by different orders of each interference source sounds good; if only one Lower MSD capability class for each interference, different threshold for different orders for each interference type might be more reasonable. 
Observation 5：Different or same threshold(s) for different orders of each interference source may depend on how many Lower MSD capability classes to be defined per interference source.
In case two Lower MSD capability classes (Such as H and L with different thresholds) were defined for each interference source, and same Lower MSD capability thresholds shared by different orders of each interference source. Take harmonic as example, the threshold for H class is 0dB, and the threshold for L class is 10dB. 
1) In case the specified MSD is 25dB, the actual MSD is 9dB, the Lower MSD capability class is L for harmonic, and the Network could get the information the MSD has big improvement but still not zero.
2) In case the specified MSD is 9dB, the actual MSD only meets the minimum requirement, the Lower MSD capability for is L for harmonic, and the Network could get the information that there is no significant improvement.
More Lower MSD capability classes per source could be considered, while with more signalling overhead (more bit for each source). Considering the balance, 2 or 4 Lower MSD capability classes per source is reasonable.
Observation 6: Considering the balance between MSD information provided to network and the signalling overhead, 2 or 4 Lower MSD capability classes per source might be reasonable.
When one band within the band combination suffers more than one order for one interference source, such as CA_n2-n77，IMD2/IMD4/IMD5/IMD7 of dual Tx falls into n2 DL, only consider the lowest order, i.e. IMD2.
Proposal 3: In case more than one order exists for a certain interference source of a band within the band combination, only the lowest order needs to the considered.
In theory, the Lower MSD capability threshold(s) could be either exact absolute value(s), or relative value(s) compared to the specified MSD. Take two Lower capability classes per source as example, if threshold are exact absolute value(s), the Lower MSD capability-H threshold could be X dB, and the Lower MSD capability-L threshold could be Y dB (Y＞X)；If relative value(s), the Lower MSD threshold=Already specified MSD – Z, Z = Z1 or Z2, Z1 and Z2 corresponds to Lower MSD capability-H and Lower MSD capability-L.
Observation 7: The MSD capability threshold(s) could be considered as either exact absolute value(s), or relative value(s) compared to the specified MSD.
2.3 Capability Definition
Each band within the band combination may suffer one or more kinds of interferences. Per band combination and per band per band combination could be considered in terms of capability definition, we list two reasonable definition here for discussion.
1) In case Lower MSD capability is defined as per band combination and Lower MSD capability threshold is defined as per interference source.
Capability definition: UE could indicate support Lower MSD capability for the band combination, when for each band within the band combination, all the actual conductive MSD caused by each interference source are less than the corresponding Lower MSD threshold(s). If absent, it means UE has no Lower MSD capability for this band combination.
2) In case Lower MSD capability is defined as per band per band combination and Lower MSD capability threshold is defined as per interference source
Capability definition: UE could indicate support Lower MSD capability for the band within the band combination, when for the band, all the actual conductive MSD caused by each interference source are less than the corresponding Lower MSD threshold(s). If absent, it means UE has no Lower MSD capability for this band within the band combination.
Between the two alternatives, per band combination is preferred since the overall DL throughput is evaluated as per-BC basis. In addition, in terms of 5DL with 2UL band combination, the signalling overhead would be large if capability defined as per band per band combination.
Proposal 4: Define Lower MSD capability as per band combination with capability definition as: UE could indicate support Lower MSD capability for the band combination, when for each band within the band combination, all the actual conductive MSD caused by each interference source are less than the corresponding Lower MSD threshold(s). If absent, it means UE has no Lower MSD capability for this band combination. 
2.4 Capability Signalling Information
After above discussion, it is supposed to further consider what information should be included in the signalling design, the simplest way is to just report “Support” this capability for the band combination with the least signalling overhead (only one bit needed), however the information provided to the network may also not be sufficient. While reporting exact conductive MSD values is not practical given the huge signalling overhead needed. 
Observation 8: With regard to capability signalling information, the simplest way is to just indicate “Support” this capability with the least signalling overhead but the information provided to the network may not be sufficient. While reporting exact conductive MSD values is also unrealistic.
Observation 9: The trade-off alternative of capability signalling information could be considered after the Lower MSD threshold (Per source? How many capability classes per source?) and the Lower MSD capability definition (Per band combination?) defined.
[bookmark: _GoBack]3. Conclusion
Observation 1: The specified MSD cannot reflect UE’s actual MSD behaviour/performance, lower MSD is realistic for some high-performance UE for some band combinations.
Observation 2: The factors contribute to the higher UE performance including adopting better-performance and high-integrated chipsets, higher PCB isolation, higher antenna isolation etc.
Observation 3: Different UEs with different MSD performance/ behaviours might be treated differently in the network, the network benefit of this capability is illustrated in our paper R4-2212009.
Proposal 1: CA and DC between band 2/3(1.8/1.9GHz) and n77/n78 (3.5GHz) are suitable candidates for example band combinations.
Observation 4: Both PC2 and PC3 band combinations could be considered as example band combination.
Proposal 2: It is proposed that the Lower MSD capability threshold(s) is(are) defined as per interference source under the same settings of the UL/DL configuration and test points as in the current specifications .
Observation 5：Different or same threshold(s) for different orders of each interference source may depend on how many Lower MSD capability classes to be defined per interference source.
Observation 6: Considering the balance between MSD information provided to the network and the signalling overhead, 2 or 4 Lower MSD capability classes per source might be reasonable.
Proposal 3: In case more than one order exists for a certain interference source of a band within the band combination, only the lowest order needs to the considered.
Observation 7: The MSD capability threshold(s) could be considered as either exact absolute value(s), or relative value(s) compared to the specified MSD.
Proposal 4: Define Lower MSD capability as per band combination with capability definition as: UE could indicate support Lower MSD capability for the band combination, when for each band within the band combination, all the actual conductive MSD caused by each interference source are less than the corresponding Lower MSD threshold(s). If absent, it means UE has no Lower MSD capability for this band combination. 
Observation 8: With regard to capability signalling information, the simplest way is to just indicate “Support” this capability with the least signalling overhead but the information provided to the network may not be sufficient. While reporting exact conductive MSD values is also unrealistic.
Observation 9: The trade-off alternative of capability signalling information could be considered after the Lower MSD threshold (Per source? How many capability classes per source?) and the Lower MSD capability definition (Per band combination?) defined.
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