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1. [bookmark: _Ref146830452]Background
In RAN2#123-bis, following agreements are concluded:
Agreements on MSD capability:
1. RAN2 confirms that the essential information of the lower MSD capability includes {BC information, Victim band information, power class, MSD type, MSD indication of corresponding threshold}.  Wait for RAN4 further information on power class
2. Lower MSD capability is reported in a “per victim band” way (i.e., in IE bandNR). Multiple entries corresponding to multiple BCs can be reported for one victim band, and one or two aggressor bands can be indicated in each entry
3. The legacy UE capability filtering mechanism can be reused for signaling reduction purpose, i.e., the requested frequency bands for lower MSD reporting can be indicated by existing signalling.
4. Send an LS to RAN4 to ask questions about power class, how it is meant to be used, whether it is per band, per BC, etc 

Although not following a conventional per-BC structure, it is still necessary to have victim bands and aggressor bands for forming the BC. This allows for lower MSD capability provision to align with RAN4's specifications of MSD requirements in 2-bands and 3-bands BC tables. In this regard, we believe that discussing filtering approaches from TR 38.881 [1] is still relevant in capability signaling design. The purpose of this contribution is to provide perspectives and discussion materials for designing capability filtering of lower MSD, with a goal of reducing air signal size and even UE storage.

2. Discussion
According to RAN4 LS [2, 3] and RAN2 agreements in the RAN2#123-bis meeting [4], the essential information of the lower MSD capability includes:
· BC information
· Victim band information
· Power class
· MSD type
· MSD indication of corresponding threshold
They will be reported in a “per victim band” way (i.e., in IE bandNR), and the legacy UE capability filtering mechanism can be reused for signaling reduction purpose.

A new type of MSD called “ALL” has been introduced. It is defined for each victim band per BC and has been agreed upon by RAN4. The purpose of this type is to indicate the actual MSD values for harmonic/harmonic mixing/cross band isolation/IMDs 2, 3, 4, and 5 in Rel-18. This applies when any existing values are below the reported lower MSD capability threshold for a victim band with a specific band combination. According to the principle and intention of lower MSD capability [1]:
Note that for the purpose of MSD improvement, a UE should perform better than the minimum requirement in order to claim the low-MSD capability.
The lower MSD capability should not be reported by a UE that does not outperform the minimum requirement of MSD in RAN4 specification. Therefore, the additional MSD type “ALL” could be used to further reduce MSD capability size by stronger and more capable UEs. However, there are other filtering methods that have been studied by RAN4 in TR 38.881 [1] but have not been discussed by RAN2 yet. Some of these methods could be useful for the network and for mid- or low-tier UEs that are unable to achieve better MSD performance across various MSD types of a BC.

According to the MSD requirements specified in the RAN4 tables, there are a considerable number of NR bands defined as victim bands with the minimum MSD requirement for 2-bands and 3-bands BCs. There is concern that even with the application of a frequency band filter, the signaling size for the new MSD capability will still be significantly large. Additionally, RAN4 plans to expand the tables for 2-bands and 3-bands MSD requirements in the future. The burden of UE testing is huge and continues to grow.

1. [bookmark: _Ref149915540]The current means of RAN2 for MSD capability filtering are not sufficient to meet the requirements of various UE segments in the market, as well as to improve efficiency in ecosystem operation.

1. [bookmark: _Ref146830460]RAN2 will study and discuss filtering mechanisms suggested in TR 38.881.

The discussion on the filtering mechanism by the capability “MSD indication of corresponding threshold” (specified in section 7.1.2.2.3 of TR 38.881 [1]) is not intended because information can be filtered straightforwardly according to a specific parameter. Instead, we will focus on discussing the method of identifying the top K largest MSD values (specified in section 7.1.3.2 of TR 38.881 [1]) and its usefulness for mid- or low-tier UE in the market, as compared to using MSD type “ALL”.

Take following BC in the Table 7.3A.5-2 of TS 38.101-1 as an example:
	NR CA band combination
	NR band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
LCRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode
	Source of IMD

	CA_n5-n14-n775
	n5
	N/A
	5
	N/A
	880
	3.9
	FDD
	IMD5

	
	n14
	793
	5
	25
	763
	N/A
	FDD
	N/A

	
	n77
	4052
	10
	50
	4052
	N/A
	TDD
	N/A

	
	n5
	846.5
	5
	25
	891.5
	N/A
	FDD
	N/A

	
	n14
	N/A
	5
	N/A
	765.5
	11.6
	FDD
	IMD41

	
	n77
	3305
	10
	50
	3305
	N/A
	TDD
	N/A

	
	n5
	840
	5
	25
	885
	N/A
	FDD
	N/A

	
	n14
	793
	5
	25
	763
	N/A
	FDD
	N/A

	
	n77
	N/A
	10
	N/A
	3313
	10.3
	TDD
	IMD41



If the frequency band filter consists of n5, n14, and n77, the UE has the option to report CA_n5-n14-n77 if it supports this CA band combination. Considering that the UE is also capable of reporting lower MSD capabilities and performs better in terms of MSD for each victim band case, it will provide the following lower MSD information:
bandNR: n5
	aggressor band: {n14, n77}; MSD class: II; MSD Type: IMD5; Power class: 3
bandNR: n14
	aggressor band: {n5, n77}; MSD class: IV; MSD Type: IMD4; Power class: 3
bandNR: n77
	aggressor band: {n5, n14}; MSD class: III; MSD Type: IMD4; Power class: 3

Case 1: If the next model of the UE achieves better performance in terms of MSD than each of the specified MSD types for CA_n5-n14-n77, let's assume it belongs to class II. In that case, the UE can utilize MSD type ALL to further minimize the capability content, similar to what is demonstrated in the information provided below:
bandNR: n5
	aggressor band: {n14, n77}; MSD class: II; MSD Type: ALL; Power class: 3
Note: The relevance of reporting a specific victim band is assumed to be irrelevant in this case. The network is aware that the UE exhibits better MSD performance in class II than the minimum MSD requirements for all MSD types of CA_n5-n14-n77. As a result, this MSD capability applies to all victim bands, eliminating the need to report redundant information for other victim bands.

In another scenario, the network may want to determine the K largest values of MSD capability across various MSD types and victim bands. This can be achieved using the “top K largest MSD values” method specified in section 7.1.3.2 of TR 38.881 [1]. This method would be highly beneficial for normal UEs as it allows them to report less information.

Case 2: If the network asks for top 1 largest MSD value, the UE only needs to report following MSD capability:
bandNR: n14
	aggressor band: {n5, n77}; MSD class: IV; MSD Type: IMD4; Power class: 3
Note: The top K largest MSD values are defined as the (literally) highest values within the MSD thresholds (in different MSD capability class by RAN4 agreement). In the above example, class IV contains the largest MSD value. Therefore, based on the network filter, the UE only reports its MSD capability for victim band n14.

Based on the analysis conducted in above examples, both filtering methods exhibit comparable gains in size reduction. It is recommended to utilize the method “top K largest MSD values” to further reduce MSD capabilities without imposing higher demands on the UE implementation for improving all types of MSD. Additionally, this approach enables accommodating different requirements and purposes of MSD capability acquisition within the network.

1. [bookmark: _Ref149915555]The method “Top K largest MSD values” will be discussed by RAN2 for MSD capability filtering. Signaling design details are FFS.

The current mainstream Tx design seems to find it sufficient to set K equal to 4 for the implementation of 2Tx chain. However, it is proposed that K be set to 8 in order to allow for future extension to 3Tx chain design and accommodate corresponding flexibility.

1. [bookmark: _Ref149916767]K value is set to 8.

3. Conclusion
In previous sections we made the following proposals:
Observation 1	The current means of RAN2 for MSD capability filtering are not sufficient to meet the requirements of various UE segments in the market, as well as to improve efficiency in ecosystem operation.

Proposal 1	RAN2 will study and discuss filtering mechanisms suggested in TR 38.881.
Proposal 2	The method “Top K largest MSD values” will be discussed by RAN2 for MSD capability filtering. Signaling design details are FFS.
Proposal 3	K value is set to 8.
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