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1 Introduction
Actually, lower MSD topics have already been discussed for more than half a year in Rel-17 but with very limited progress. The main reasons would be that the views from companies were large diverse, and also at that time there was no dedicate SI/WI to include this objective. 
The initial motivation for the lower MSD was that high MSD (more than 20dB) are defined in the specification for some band combinations, such high MSD would cause operator’s concern when they make decision on their real deployments to whether or not to deploy high MSD combination to their networks.
[bookmark: OLE_LINK3]During the discussion in Rel-17, some observations were observed that the actual MSD can be 20dB or more than better than the MSD in the specs [1], and also more aggressive RF assumptions such as higher PCB isolation could achieve lower MSD values, even for some combinations, high MSD values were derived based on the conventional RF architecture which are far way from the real RF architecture implementation. All the evident show that there exist rooms and feasible to improve the MSD values.
[bookmark: OLE_LINK6]In Rel-18, there were several objectives in the agreed FR1 enh WID [2], in which for lower MSD for inter-band CA/ENDC/DC combination, the objectives are:
Investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations [RAN4]
· 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 how the MSD performance can be improved for the example band combinations
· Study of MSD improvement with different MSD sources (harmonics, IMD2/3/4/5, cross band isolation and harmonic mixing)
· [bookmark: OLE_LINK33]Study the feasibility of and options for allowing a UE to signal improved lower MSD performance capability for combinations where MSD is allowed
· Aim to conclude the study phase by RAN#99, and further discuss in RAN#99 how to handle the objective based on the study progress.
[bookmark: OLE_LINK25]Although long breaks for the discussions from R17, some discussions would be re-picked up and continue. 
2	Discussion
[bookmark: OLE_LINK23][bookmark: OLE_LINK66][bookmark: OLE_LINK10][bookmark: OLE_LINK43]In terms of the objectives, the first thing is to select some band combination which covers all types of MSD. By reviewing all the types of MSD tables in TS38.101-1 v17.6.0, it seems there is no a case that one band combination covers all types of MSD. Therefore, at least 2 band combination should be selected.
[bookmark: OLE_LINK12][bookmark: OLE_LINK4][bookmark: OLE_LINK11]So far it is unclear what is the criterion to select the eligible band combinations, is it pending on operator request? Or are the combinations whose MSD is larger than 20dB selected? Or how many orders of harmonic/harmonic mixing/IMD should be considered? Or PC3 and/or PC2/1.5? Or typical/popular band combinations which were widely deployed? Therefore, we think the criterion to select eligible band combinations should be discussed first.
[bookmark: OLE_LINK17][bookmark: OLE_LINK5]Proposal 1. The criterion to select eligible band combinations should be discussed.
Although this issue was more or less discussed in RAN #100 meeting [3], it seems there were no clear decisions due to different companies share different views. The moderator summary in [3] are:
Moderator: CA and DC between band 2/3 (1.8/1.9GHz) and 77/78 (3.5GHz) is one possible example band combination, other band combination for other types are not precluded and depends on choices
For harmonic issue, it usually happen in M-H and L-M combination, and lowest order harmonic usually causes highest MSD values. While for cross-band isolation, it usually happen in the band combination whose constitute band are close, and interference in ACLR1 region would cause highest MSD values.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK27][bookmark: OLE_LINK21][bookmark: OLE_LINK24][bookmark: OLE_LINK7]We guess the reason for selecting band n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz) maybe that they have more than 20dB MSD values of 2nd harmonic issue and IMD2 issue, and also 3.5G are popular bands in the worldwide. It shall be noted that same harmonic/IMD MSD values are used for band n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz). However, there are no cross-band isolation issues for band n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz). while for L-L band combination n18+n28, where the MSD is defined as 31.3dB in ACLR1 cross-band interference source, which is the largest MSD value so far in the current spec.
[bookmark: OLE_LINK8][bookmark: OLE_LINK20][bookmark: OLE_LINK19][bookmark: OLE_LINK22]Observation 1: CA and DC between band n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz) have more than 20dB MSD values of 2nd harmonic issue and IMD2 issue, and used to be candidate combinations in Rel-17 discussion.
Observation 2: No cross band isolation issues for n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz), while L-L NR CA band combination n18+n28 has largest cross band isolation MSD problem in current spec.
[bookmark: OLE_LINK9][bookmark: OLE_LINK13]With the past experience, MSD values were usually calculated in mathematical way by assuming some RF parameters including IPx, PCB isolation etc, even some of MSD values were reused from the corresponding LTE CA combination. 
It was already observed that using more aggressive values like 70dB->90dB PCB isolation can largely improve the MSD value. Besides PCB value, some other RF parameters such as IPx@antenna/PA/diplexer/duplexer etc and antenna isolation are also play the key role on the some types of MSD calculation.
Lots of the RF parameters were defined based on the chip vendor’s data sheets several years ago, but unfortunately they are not updated anymore although the RF component state of the art is improving. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK26]Also the RF architecture assumed in the calculation may be large away from the implementation in the filed. We believe there exits lots of approaches to reduce the MSD, which are implementation or MSD type dependence. For example, for harmonic issue, HTF(harmonic trap filter) may be used in the reality implementation for the purpose of reducing harmonic products, and for IMD issue, to separate the antennas for the two UL who caused intermodulation products which can also reduce the IMD MSD.
[bookmark: OLE_LINK30][bookmark: OLE_LINK29][bookmark: OLE_LINK31]Moreover, operator spectrum holdings would also void the possible harmonic/IMD interference which means there may no real harmonic/IMD interference when considering the operator spectrum holdings. For example, for band n24-n77 who may have 2nd harmonic problem, however no MSD was defined due to the operator spectrum holdings, and there is a NOTE 12 applied:
NOTE 12: In the USA, n77 band is restricted to 3450–3550 MHz and 3700–3980 MHz. There is no UL harmonic due to n24 UL in downlink for n77 operating in 3450 – 3550 MHz and 3700 – 3980 MHz.
In addition, power is also a key role for the interference. The MSD values are calculated in the condition of the maximum output power. However in the practical network, UE is not always expected to transmit with maximum output except for some cell edges UEs or UEs with poor SINR conditions due to the blockage, shadow fading, etc. In other words, the real time MSD per UE might vary in different locations.
[bookmark: OLE_LINK18]As we know, there were hundreds of MSD test points for the introduced band combination, and the requirements defined in the specification are the minimum requirements which aims to meet all the markets. Meanwhile there are lots of band combination introduced each of meeting. Therefore, we think it should keep the minimum requirements unchanged and no need to defined another sets of better MSD value.
[bookmark: OLE_LINK35]Although it would be difficult to define a generic approach that can be applicable for all combos for which MSD needs to be improved is preferred, and it is unrealistic to re-estimate the MSD value case by case for all of the band combination which will be too time consuming.
[bookmark: OLE_LINK34][bookmark: OLE_LINK39]Observation 3: There are lots of approaches to reduce the MSD, which are implementation or MSD type dependence
Observation 4: It is unrealistic to re-estimate the MSD value case by case for all of the band combination which will be too time consuming.
[bookmark: OLE_LINK37]Proposal 2. Keep the minimum requirements unchanged and no need to defined another sets of better MSD value.
[bookmark: OLE_LINK28]A feasible way to define a new signaling capability approach allowing a UE to signal improved lower MSD performance capability for combinations where MSD is allowed, as stated in the objectives.
[bookmark: OLE_LINK36]With the experiences of other topics, it is very difficult to define a precise MSD threshold. One possible way is to report the real time MSD, for the real time MSD, although it would extremely complicate RF requirement definition and corresponding RF conformance testing at the end, we are seeking to find some conditions or situations that problematic band combination could change to non-problematic case or vice versa.
[bookmark: OLE_LINK38]Proposal 3. To define a set of values better than minimum requirement or real time MSD could be as the candidates for the new signaling.
It should be noted that such capability is not mandatory but should be optional for all of the UE. 
3 Conclusion
In this contribution, we give some discussion on the lower MSD for inter-band NR CA/ENDC. The conclusions are:
Proposal 1. The criterion to select eligible band combinations should be discussed.
Observation 1: CA and DC between band n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz) have more than 20dB MSD values of 2nd harmonic issue and IMD2 issue, and used to be candidate combinations in Rel-17 discussion.
Observation 2: No cross band isolation issues for n2/n3 (1.8/1.9GHz) and n77/n78 (3.5GHz), while L-L NR CA band combination n18+n28 has largest cross band isolation MSD problem in current spec.
Observation 3: There are lots of approaches to reduce the MSD, which are implementation or MSD type dependence
Observation 4: It is unrealistic to re-estimate the MSD value case by case for all of the band combination which will be too time consuming.
Proposal 2. Keep the minimum requirements unchanged and no need to defined another sets of better MSD value.
Proposal 3. To define a set of values better than minimum requirement or real time MSD could be as the candidates for the new signaling.
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