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Introduction
[bookmark: OLE_LINK21]In RAN#96 meeting, the WI “Further RF requirements enhancement for NR frequency range 1” was agreed in [1]. In the objective, there are following feasibility investigation:
Investigate the feasibility of lower MSD for inter-band CA/EN-DC/DC combinations [RAN4]
· [bookmark: OLE_LINK6]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)
· 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.

Although this is the first time of this WI is being discussed, this topic has actually being discussed more than one year and many views were already shared. However, no solid agreements have been reached so far and currently it is still a study phase.
In this paper, a comprehensive review and analysis is provided on this issue. 
Discussion
Background
Here is a discussion history review in RAN4 and RAN for this Low MSD issue.
Before RAN#92 
In the phase, there is no dedicated WI/SI or agenda, but still papers were submitted. Initial proposals were provided to introduce the situation that certain UE implementation can achieve much better MSD than minimum requirements. Some key contributions are as following:
In [2], an early comprehensive paper for tentative scenarios, feasibility study, spec impact and possible signalling were discussed. A later paper [3] further discussion the issues and make some further suggestions for complete solution. Some preliminary test results were also provided such as in [4], and some WF were also proposed to do more study and measurement such as [5][6][7]. However, companies are still having quite diverse views, and no agreements were made during the stage. 
From RAN#92 to RAN#93
In RAN#92, a comprehensive paper was provided in [8] which include a complete set of proposals. Although still no agreements on specific proposal and MSD related scheme, it was tasked to RAN4 some feasibility study work, and RAN4 has a specific agenda for this in the upcoming two meetings.
In RAN4#100 and #101, a number of papers were submitted from various companies. Many discussions were done for the scope and possible detailed solution of Low MSD. However, there are consistently strong concerns on any re-evaluation or definition of MSD improvement. There are also concerns on possible network use of “low MSD”, and also some other related proposal such as “dynamic” reporting, but still no agreements can be reached. The detailed document list and discussion can reference to the Email discussion summary [9] [10].
In RAN4#93, based on the previous RAN4 discussion, it was concluded that a new SI/WI is needed to solve the this controversial issue. 
~RAN#96
A series of Email discussion were taken palace, and the Low MSD issue were included in the R18 FR1 WI which is agreed in [1].
Observation 1: A lot of views had already been shared during past discussion.

Optionality
Up till now, for the proponents of lower/improved MSD, the main stream proposals were to define this improvement optional capability for UE. This is a usual way when a new feature or enhancement is defined. However, there were still other proposal to define a more tightened minimum requirement for Rel-18, to ensure that a large portion of UEs can be used. By enhancing minimum requirement, optional signalling can be avoided.
Observation 2: Among proposals to improve MSD, optional signalling and minimum requirements enhancement from a new release are two different approaches.
Enhancing minimum requirement do not comply with 3GPP tradition. Although we have precedency to enhance certain minimum requirements in LTE stage, such as in-band emission, this is quite rare case, and may cause unreasonable cost and difficulties for the industry with quite minor benefit. 
In addition, if minimum requirements are enhanced, it means that every considered band combination have to be studied and defined with sufficient consideration of all reasonable implementation options, this would cause huge amount of study, without any hope of simplification.  By comparison, optional capability definition would ease the concerns for implementation since it is anyway optional, and this may also greatly help some simplification such as reuse some criteria between different band combinations.
Furthermore, there is possibility of early implementation / release independency for a capability signalling, this would also extend the usefulness of the feature, even changing minimum requirements may not necessarily impact more UEs.
Observation 3: Enhancement of minimum requirements is not aligned with RAN4 tradition, would introduce a huge amount of work, and also not necessarily impact more UEs.
Proposal 1: Do not consider changing minimum requirements in the study.

Band combos
“Lower MSD” criteria commonality

Based on previous discussion, it was commonly proposed that lower MSD should be per band combination defined if deemed feasible. Still, there is different understanding on whether the requirements should be band combination specific or have common criteria between different band combinations.
Observation 4: The “Lower MSD” criteria can be band combination specific or achieve some commonality between different combinations for easier future extensions if feasible.
From implementation point of view, per-band combination requirements are closer to actual implementation, which is also aligned with how MSD was defined currently. However, if a unique set of “lower MSD” requirements to be defined for any band combination, a diverse set of requirements might be not easy for network to utilize to achieve some optimization for scheduling. In addition, the work load could also be unreasonable large if more and more combinations need to be considered, considering the difficult of achieving consensus on the derivation of this improved performance. 
Admittedly, the study anyway needs some example band combinations, and we may postpone the discussion on how much commonality need to be pursued for different band combinations.
Observation 5: Extend the study result on a few example band combinations to more combinations rather than define band combination specific requirements would help work load control and may be beneficial for network use.

Example band combination selection
In the WID scope, there is the following scope:
· Select a limited set of band combinations (2-4 combinations) to cover all types of MSD (harmonic, harmonic mixing, IMD and cross band isolation)

No matter whether common “Lower MSD” criteria would be used for different band combinations, the feasibility and various related scheme has to be started by certain band combinations. There was a preliminary agreement in RAN4#100-e for harmonic case, that to consider Band2/3 (1.8/1.9GHz) and n77/78 (3.5GHz) as an example band combination. 
Using this previous agreement as a baseline, it can be considered to further down select one particular band combination. Currently (n)3-n78 seems to be a promising candidate, mainly for the following reasons
· This combination can cover both 2nd order harmonics and 2nd and 4th orders of IMD which include typical difficult scenarios which have 20+ MSD values.
· There are already many commercial UEs supporting this band combination.
Also in [4], some experiments were done for this particular band combination.
Proposal 2: The band combination (n)3-n78 can be considered as one example band combination for the study, which include harmonics and IMD. 
Other band combinations can also be considered with the interference type.

Interference Type
Differentiation of different types
Currently there are multiple set of relaxations for different interference type defined in minimum requirements, which include: 
· Harmonic
· harmonic mixing
· IMD
· cross band isolation
The study would of course consider them separately. An important question would be whether to consider the “Lower MSD” criteria separately for different types. There are pros and cons for differentiate criteria for different interference types. The main pros are possible better adaptable to implementation, that optimization measures and room have differences. In this case it might be more difficult to find a unified criterion for all the different types of interference case. However, there is also drawback of differentiation that the complexity would be higher, and this would also make the possible use for network more difficult, thus degrade the merit of whole set of work.
Observation 6: When considering differentiation of criteria of “Lower MSD” for different interference types, balance and compromise are needed between UE implementation, network usefulness, and spec conciseness. 
Another problem of differentiation is there might be some difficulty to judge whether a band combination is qualified for “Lower MSD” if multiple interference types exist in one band combination. It should be considered how to consider whether this combination is “Lower MSD” or not if differences may exist for different type of interference. 
Observation 7: If consider differentiation of criteria of “Lower MSD” for different interference types, attention should be paid to how to consider the case that they do not all satisfy the respective criteria for low MSD.
Anyway, the first stage is still to study them separately, and then try to make further discussion and decision after more complete picture is achieved.

Different Order of IMDs
For some band combinations, there are multiple set of MSD levels for different order of IMD cases. For example, (n)3-n78 have both IMD2 and IMD4 cases defined for different MSD values. Then there is a question that whether both of them need to be considered for “lower MSD”. 
If both of them be considered, there might be multiple levels exists and there need to be clarifications such as whether MSD is considered to be low only in case both orders satisfy the respective requirements? Another solution is that only lower order needs to be considered. This would simply the solutions.
Observation 8: For the case of different set of MSD were defined for different order of IMDs, whether to consider all the orders for “Lower MSD” criteria need discussion.

Improvements
How to derive requirements for “Lower MSD”
There were already multiple proposals on how to define the requirements, but nothing could be agreed previously. It is a fairly unusual process, if not unprecedented. We seldom have such enhancement requirements before, particularly for RF.
Here are some of more detailed analyses:   In early contribution [2], some even earlier review of how requirements for 3_n78 is provided. It was also pointed out that assuming a better PA H2 and/or a significant better PCB isolation, e.g. 90dB, can lead to an 20dB lower MSD. However, it was further proposed later in [3] that there is no need to discuss and converge on intermediate assumptions such as PCB isolation, since all those parameters are highly implementation specific, and intermediate assumptions are no less controversial than the final MSD. It was proposed in the contribution to directly discuss MSD values based on implementation status. As also pointed out in [11], there are too many factors that would have impact such as PCB layout, component selection, filtering/shielding design, RFIC etc and maybe only the final MSD values are meaningful. 
Based on this situation, we may consider to use some of the data-driven approach which previously used in OTA work. This may also somehow in-line with the proposals in [3]. Admittedly, this may also quite challenging such as how to select reasonable samples and the possible amount of work might be high. One can also reference the history of OTA related work to see the possible difficulty in achieving consensus on a highly implementation specific and test-based requirements. Fortunately, the new requirements were deemed as optional enhancements, which is still different from minimum requirements that OTA is targeted, and this may means the requirements are less sensitive, and may greatly simplify the work compared to what was done in OTA area.
Observation 9: No clear way of how to derivate “Low MSD” requirements were agreed. 
[bookmark: _Hlk110653830]Proposal 3: Data driven approach which is similar to OTA area can be considered as a reference in setting requirements for this highly implementation specific issue. However, there are still many differences, and the risk and work load may still high though many simplifications can also be expected.
There are also some other details that work discussion as following points.

Absolute or Relative thresholds
Current MSD requirements are defined based on absolute MSD values. However, for an optional enhancement, different ways of definition were already raised, which can be categorized as absolute or relative values. 
For absolute threshold, a MSD value is a specific number. e.g. “Lower MSD = YdB”.
For relative threshold, it can be an improvement percentage such as “Improved MSD = [X]% * Minimum Requirement” or “Improved MSD = XdB” while “Lower MSD = Minimum requirement – Improved MSD”.
From implementation point of view, relative threshold might be more consistent with the improvements. However, from network use point of view, it is likely that an absolute threshold is easier to use. If possible, an absolute value might be more preferred, since this whole work is targeted more to network use, or there would be still different MSD requirements for the optional Low MSD UE that have different behaviour expectation.
Observation 10. Further discussion is needed for absolute or relative thresholds for improve MSD. 
Proposal 4: Depending on study, absolute thresholds values might be more preferred to have a more unified behaviour expectation for UE satisfy Low MSD.

Single or multiple thresholds
For the main proposal is to have a single threshold for “Low” and no more ranking as “Very low / Slightly Low” etc, it seems that this is still not officially settled. It is believed that multiple rankings are not necessarily beneficial to network use, while certainly more complicated for UE. Considering the difficulty already on the definition of threshold, the workload and difficulty would be even higher for multiple thresholds. 
Proposal 5: For any Low MSD UE, only one MSD threshold is expected for a band combination, and no more differentiation to represent “very low/slightly low” etc. 

Other related
In this part, some other closely related issues are discussed.
Dynamic reporting / UE SIR measurement
In RAN4#101-e, dynamic reporting of MSD [12] and UE signal to self-interference ratio measurement [13] were raised. They are similar in the sense that real time self-interference level / MSD which is impacted by actual Tx power is considered and also proposed to be reported. No conclusions have been made.
Theoretically, this kind of reporting scheme would reflect the real time sensitivity degradation, and may provide the network more information than the worst case MSD which corresponds to the case of maximum Tx power. However, these schemes would inevitably bring considerable complexity to UE implementation. Furthermore, this information would also be restricted by other factors such as feedback delay etc, and not necessarily easy to use or bring useful information. 
Proposal 6: Do not consider dynamic reporting / UE SIR measurement and similar schemes for lower MSD.
 
Conducted or radiated
Currently, there are only conducted requirements defined for MSD requirements for CA/DC. In the OTA test, there are no corresponding requirements. The current OTA test method for ENDC had deliberately circumvent those self-interference problems. 
It is admitted that radiated performance is more close to real deployment, and there may exist considerable differences between conducted and radiated performance, since the antenna isolation impact is considerable. However, considering it is already complex situation for this issue and we do not even have a radiated minimum requirement for CA/DC MSD issue, it is believed that setting up a new set of “Lower MSD” radiated performance would be inappropriate and unnecessary least for this release in this WI.
Proposal 7: Do not consider radiated performance requirements for Lower MSD for CA/DC, at least for this release in this WI.

Network Use
Though there are some discussions on how network would be utilize or differentiate the “Lower MSD” UEs with UEs only satisfy minimum requirements, there are no concrete agreements yet on this issue. It is understandable that this behaviour is not likely to be standardized, but still, some general guidance may still be beneficial, and may also be helpful for setting up requirements. 
Observation 11: Clarify how network use of “Low MSD” UE may still be helpful for setting up requirements and achieve better behaviour alignment in the future.
Furthermore, if network can establish relationship between the performance enhancements and some specific improved MSD values, the whole improvements process may have a clearer target. This would also help to converge from the direction of network and performance, in addition to the direction of UE implementation. System level simulation may be considered as one way to facilitate study.
Proposal 8: Network may propose some tentative threshold with specific system performance gain as kind of target as a reference. 

Signalling
All the previous issues would have some impact on possible singling, so in this contribution there is no dedicated discussion part for signalling.

Conclusion
In this paper, a comprehensive review and analysis is provided on the Low MSD issue, and a number of observations and proposals are provided. 
Observation 1: A lot of views had already been shared during past discussion.
Observation 2: Among proposals to improve MSD, optional signalling and minimum requirements enhancement from a new release are two different approaches.
Observation 3: Enhancement of minimum requirements is not aligned with RAN4 tradition, would introduce a huge amount of work, and also not necessarily impact more UEs.
Observation 4: The “Lower MSD” criteria can be band combination specific or achieve some commonality between different combinations for easier future extensions if feasible.
Observation 5: Extend the study result on a few example band combinations to more combinations rather than define band combination specific requirements would help work load control and may be beneficial for network use.
Observation 6: When considering differentiation of criteria of “Lower MSD” for different interference types, balance and compromise are needed between UE implementation, network usefulness, and spec conciseness. 
Observation 7: If consider differentiation of criteria of “Lower MSD” for different interference types, attention should be paid to how to consider the case that they do not all satisfy the respective criteria for low MSD.
Observation 8: For the case of different set of MSD were defined for different order of IMDs, whether to consider all the orders for “Lower MSD” criteria need discussion.
Observation 9: No clear way of how to derivate “Low MSD” requirements were agreed. 
Observation 10. Further discussion is needed for absolute or relative thresholds for improve MSD. 
Observation 11: Clarify how network use of “Low MSD” UE may still be helpful for setting up requirements and achieve better behaviour alignment in the future.

Proposal 1: Do not consider changing minimum requirements in the study.
Proposal 2: The band combination (n)3-n78 can be considered as one example band combination for the study, which include harmonics and IMD. 
Proposal 3: Data driven approach which is similar to OTA area can be considered as a reference in setting requirements for this highly implementation specific issue. However, there are still many differences, and the risk and work load may still high though many simplifications can also be expected.
Proposal 4: Depending on study, absolute thresholds values might be more preferred to have a more unified behaviour expectation for UE satisfy Low MSD.
Proposal 5: For any Low MSD UE, only one MSD threshold is expected for a band combination, and no more differentiation to represent “very low/slightly low” etc. 
Proposal 6: Do not consider dynamic reporting / UE SIR measurement and similar schemes for lower MSD.
Proposal 7: Do not consider radiated performance requirements for Lower MSD for CA/DC, at least for this release in this WI.
Proposal 8: Network may propose some tentative threshold with specific system performance gain as kind of target as a reference. 
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